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PREFACE 


“Thinkers and Doers” has been written out of an experi- 
ence of many years in directing the scientific activities of 
boys and girls. Starting with the discoveries of primitive 
men, it carries the story of invention down to the present 
“moment. But it is muck more than a book of inventions. 
It portrays the developments of scientific discovery in the 
fields of astronomy, chemistry, and physics. Only the 
biological sciences have been omitted. Knowing that young 
people are fond of biography, this story of science and in- 
vention has been woven about the lives of those who have 
made it. It has been vitalized with human interest. These 
stories have been told many times to interested groups of 
boys and girls, and the author knows that the material is 
of genuine interest to these young minds. It is hoped that 
“many grown-ups may also find the book of interest. 

So far as it has been thought possible for pupils to under- 
stand the principles of the inventions described, they have 
been given. The author has all the while kept in mind, too, 
the fact that this book might well afford an introduction to 
General Science. Certainly as a supplementary reader in 
this subject it should find a wide use. The matter of illus- 
trations has received special attention. They in themselves 
tell a story of genuine interest. 

That the reading of these fascinating accounts of dis- 


covery and achievement will prove to be of real educational 
ii 
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value, there is no doubt. It is believed, however, that the 
application of the principles of silent reading, through the 
use of the exercises at the close of the book, will afford a 
stimulus for thought and for the development of the creative 
faculties which can be gained in no other way. 

Confident that the book meets a real need in presenting 
to young readers subjects tremendously interesting and 
worth while, it is cordially offered to the teaching fraternity. 

In closing I wish to express my gratitude to my colleague, 
Mr. John C. Voss, for his kind assistance in making the 
drawings used in this book. 


FLoyp L. Darrow. 
Brooklyn, N. Y. 
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THINKERS AND DOERS 


CHAPTER I 
IN THE BEGINNING 


OnE bright morning, years ago, my father sent me into 
the woods to find a missing cow. In those young days noth- 
ing pleased me more than to roam at will through the for- 
est. I seemed to hear the “call of the wild.” I tried to 
imagine what life must have been in that far-off time when 
only wild beasts and still wilder men inhabited my favorite 
haunts. Suddenly, on this morning, my foot kicked loose 
from its long resting place a sharp-edged piece of flint. I 
picked it up, and to my delight beheld a beautifully shaped 
Indian knife. It was about eight inches long and tapered 
at each end almost to a point. At the sides it had been 
chipped to a sharp edge. Seldom have I seen a more per- 
fect specimen. It is now in my collection of interesting 
relics, and one of my choicest treasures. Thrusting the 
knife into my belt, and imagining myself an Indian chief- 
tain, I plunged still deeper into the woods. 

For how many centuries this knife had lain there in the 
forest, hidden in the soil, no one can say. It tells us a tale 
of the past. The knife was one of the great inventions of 
primitive men. ‘Not much of an invention,” I hear you 


saying. A rather poor knife it is, indeed, as compared with 
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that which we can now buy at the hardware store. When 
we think of our radio sets, and of all the other wonderful 
inventions of recent years, this simple device seems hardly 
worthy of mention. But you had to creep before you could 
walk. Just so, in the childhood of the race, our savage 
ancestors had to learn by slow and painful steps how to 





Fic. 1. INDIAN FLINTS 


These are arrow heads of different types. Some of them are in différent 
stages of the process of making. Think of the labor required to shape them. 
overcome the obstacles of Nature. If you and your fore- 
fathers had for centuries been compelled to skin and tear 
apart wild beasts, without the aid of any cutting device 


whatever, the simplest sort of knife would have been re-- 


garded as a wonderful invention. 

An Indian paradise. As a lad I used to go with my 
father and brothers on fishing trips to a nearby lake. The 
upturned soil in the garden about the boat livery was black 


at 
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as coal. The old gentleman who kept the livery told us 
that this spot had been the favorite camping ground of the 
Indians on their frequent fishing excursions to the lake. 
Here they built their camp fires, and the charcoal from 
many fires had left a lasting stain upon the soil. Our friend 
said that during the years he had plowed this garden spot 
he had picked up more than a bushel of arrow heads, knives, 
hatchets, and other Indian relics. What a paradise this 
region must once have been, with the clear waters of the 
beautiful lake filled with fish, and the dense forests of the 
surrounding hills and valleys thick with game! 

I go back to that lake every summer, and I often try to 
picture the life that those early people lived. To them the 
world was an immense hunting ground. In every direction 
the earth seemed flat, and their wanderings did not carry 
them far. They took the passages of the sun and moon 
across the heavens as a matter of course, and reckoned time 
as so many “suns” or so many “moons.” Their wants were 
few and their life simple. 

Yet, compared with the state of the still earlier peoples 
who had inhabited the earth in the many centuries that 
had passed, the civilization of the American Indian was far 
advanced. He had come into a mastery of fire. He had 
learned to hammer the native copper, found in certain 
parts of the country, into implements of warfare and the 
chase. He had learned the arts of pottery and weaving. 
His birch-bark canoe is a’ model even to the present day. 
He had become a craftsman of no mean skill. His wigwam 
offered shelter beyond the dreams of early men. 

When you think of the Indian as an unskilled savage, 
you make a mistake. Many centuries of invention had 
preceded him, “Inyention?” you say. Yes, for every device 
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which has helped men in their struggle with Nature has 
been an invention. From the day when some savage ances- 
tor found that he could crack nuts by using two stones 
for hammer and anvil until the present with its latest mar- 
vel, the radio, man has been an inventor. 

At first man was only a fisherman and hunter. He caught 
fish with his hands, and killed wild beasts by hurling stones 
and clubs. Gradually, however, during long periods of 
time, and as a result of one accidental discovery after an- 
other, he invented the bow and arrow, the spear, the ham- 
mer, the axe, and the knife. 

Surrounded by the marvelous devices of the present day, 
it is probably difficult for you to imagine what wonderful 
advantages these simple tools gave to those men of long, 
long ago. But stop for a moment and think what it would 
mean to you, with no knowledge of fire, no acquaintance 
with the use of tools of any sort, to be placed in a wilderness 
and to have to defend yourself against wild beasts as well 
as to provide yourself with food and shelter. 

Alone in the forest. An experiment under conditions as 
nearly like those just stated as possible was made by a 
Mr. Knowles, in the summer of 1913. Without clothing, 
food, or implements of any sort, this man went, alone, into 
the wilderness of northern Maine. In his book, “Alone in 
the Wilderness,” Mr. Knowles tells of his experience. He 
made fire with a fire-drill; he trapped wild animals, and with 
their skins made clothes and moccasins. By breaking down 
a beaver dam, he stranded fish in pools. With a plentiful 
supply of meat and wild berries, he had no difficulty in 
providing himself with food. 

Mr. Knowles, however, was in a far different position 
from that of the early savage. He had full knowledge of 
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all the inventions of the centuries. He knew how to pro- 
duce fire. He knew how to snare wild beasts. He had 
knowledge of every sort of implement and hunting device. 
Is it surprising that he fared so well? Think of the poor 
savage who had to discover for himself such knowledge as 





Fic. 2. THE WAYS OF THE INDIAN 


The Indian broke rocks by dashing them together; he cracked nuts 
with a stone for a hammer; he rubbed dry sticks together to produce fire; 
and he used knives of chipped flint. 


he possessed, and experiment and make many of these in- 
ventions slowly and painfully. 

The stone ages. Men’s first tools were of stone, and very 
rough and crude they were. In the deepest excavations, 
all over the world we find these implements. This earliest 
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period of which we have any record has been called the 
“Rough Stone Age,” and it was followed by the “Polished 
Stone Age.” Of course these two ages overlapped in time. 
Side by side we find knives, both rough and polished. 
Jagged stones were used for saws. Scraping tools were 
made of stone and from the teeth of animals. 

Methods of breaking, boring, sawing, cutting, grinding, 
and polishing were all known to the savage artisan. With 
chips of flint and sharpened pieces of bone and teeth, he 
cut figures on the walls of caves and scratched them on the 
tusks of certain animals. Stones for grinding and sharp- 
ening were in constant use. Many kinds of pointed drills 
are often found in excavations in England, France, Switzer- 
land and other countries. 

A great variety of hammers and anvils were among the 
earliest devices, and, strange as it may seem, man used his 
teeth for all sorts of mechanical purposes. The skulls of 
these primitive folk show that from hard usage their teeth 
had often been ground to the roots. If before the age of 
five you had made discoveries like the above, would you not 
have been regarded as a great child? When it is remem- 
bered that these people lived in the very infancy of the 
race, must you not give them credit for truly wonderful 
inventions? 

Even the savages had some knowledge of the simple ma- 
chines—the screw, the inclined plane, the lever, and the 
wedge. With the wedge they felled trees and split logs. 
The inclined plane often enabled them to pull logs and rocks 
to their building spots, and with the lever they lifted them 
into place. But their only power was hand power, and their 
use of machihes was wholly accidental. 

The early races that followed the days of savagery, and 
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lived before the beginnings of recorded history, accom- 
plished great engineering feats. They built many canals, 
reservoirs, aqueducts, docks, harbors, roads, and bridges. 
Surely this was invention of a high order. Do you not think 
that the skill and knowledge necessary to do these things 
came from long centuries of previous toil and discovery? 
Their experiences in overcoming the hardships of the wil- 
derness had been like a great school for these early peoples. 

The mastery of fire. How would you like to live in a wil- 
derness without any fire, except an occasional one which 
chanced to be set by a lightning flash or some volcanic out- 
burst—your cave or rude hut unwarmed, your food un- 
cooked, and not even a torch to light up the darkness of 
the night? Man, however, lived without fire for countless 
centuries. He had seen many fires kindled by natural 
causes, but the mystery of fire only filled him with awe and 
superstition. At first he stood a long way off and worshiped 
it, for he believed that spirits dwelt in the flames. Grad- 
ually becoming bolder, he crept close to the fire and felt 
its grateful warmth. Surely here was something that could 
add greatly to his comfort. He watched the flames lick up 
the wood, and slowly he learned that he could keep these 
fires burning by feeding them fuel. Doubtless, too, in his 
wrong way of thinking he believed that be could gain the 
favor of these fire spirits by giving them what they seemed 
to like. For how many centuries his knowledge of fire was 
limited to an understanding of how to keep it burning we do 
not know. Until man had learned how to kindle fire for 
himself, he had not taken his first great step in the mastery 
of Nature. 

Just how some early ancestor made this great discovery 
will never be known. Doubtless savage men had seen fires 
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produced by the vigorous rubbing together of two dry 
branches in the wind. Even now this often happens in the 
case of dry bamboo stems. Possibly they had seen the 
“sparks fly,” and even fires produced from the chance 
hitting together of pieces of flint and iron ore. It would 
have taken many instances of this sort, however, to con- 
vince the slow, dull-witted cave man that he, too, might 
kindle fire in these ways. Do you not think it would also 
have taken us with all our intelligence a long while to make 
this discovery? We seem wise only because we inherit ali 
the discoveries and the inventions of the ages that have 
gone before. 

The first attempts of the poor savage to kindle a fire were 
probably failures. With what disgust he must have given 
up many times, only to try again and again. He did not 
know that dry wood must be used for the sticks that he 
rubbed together, or that he must catch the sparks from 
his flint and iron ore in a piece of tinder. How pitifully 
slow must have been his progress! But at length he suc- 
ceeded, and what joy must have reigned in his dull brain! 
Was this not one of the great inventions of the ages? 
One who has never experienced it cannot know the keen 
satisfaction that comes to one who has made some new 
discovery. Stop and think a minute about how you feel 
when, without any assistance, you have solved some difficult 
problem in arithmetic. Very faintly you will understand 
how this savage man may have felt when he knew that he 
had achieved the mastery of fire. 

What do you imagine would be the first uses to which 
your savage ancestor would put this new-found knowledge? 
If he had not already learned to cook his food over the 
chance fires of Nature, he did so now. Before the open 
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camp fire he slept in greater comfort, and in perfect se- 
curity. No longer would wild beasts creep upon him, for 
they have always feared fire. It is here that we see a chief 
difference between the beast and the savage. Up to this time 
they had seemed much alike. But no animal of the wild has 
ever mastered fire, or displayed any inventive genius. No 
longer did the cave man live in darkness. With torches 
from the open fire he lighted his rude home. He also dried 
and toughened the wood which he shaped into fearful 
weapons of warfare and the chase. 

What a luxury fire must have seemed in that far-off time 
of hardship and fierce struggle! 

A knowledge of metals. More important than all else, 
fire led these early men to a knowledge of metals. Just 
think what this world would be if there were no metals. 
Even the stone and flint implements, which today show 
such skillful workmanship, were poor, clumsy devices as 
compared with the later ones of)metal. But how do you 
think fire taught these men to smelt the ores? Well, no- 
body really knows, but we can imagine. Of one thing we 
may be sure—this knowledge did not come until many 
years, possibly centuries, after the discovery of fire. Cop- 
per was probably the first metal to be used. In some places 
of the earth it occurs in large masses, free from other metals. 
Such native copper needs no smelting to refine the metal. 
As the copper was soft, primitive men probably quite early 
learned to pound and hammer it into various implements 
which were much better than those of stone. 

Native copper, however, is found only in some few fa- 
vored spots of the earth. Therefore, its use to primitive 
man was limited. Then one day, ages ago, as some early 
man raked over the embers of a dying fire, he discovered 
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little round pieces of shining metal. Its bright luster doubt- 
less excited his curiosity, and at first he may have used the 
metal only for ornament. He did not know that he might 
repeat the process of heating and obtain the metal when- 
ever he wished. But after a long time he came to know 
upon what sort of rock to build his fire, and just how to 
reduce the metal from its ore. This was another great dis- 
covery. 

The discoveries concerning fire and the smelting of metals 
mark the first two great turning-points in the forward march 
of men from savagery to civilization. At about the same 
time, the separation of tin from its ore was also accom- 
plished. Then, no one knows how or when, it was found 
that the melting together of these two soft metals gave a 
substance of wonderful hardness and durability. This was 
called bronze. You boys and girls know that there was a 
long period of world history known as the “Bronze Age.” 
It marked a wonderful advance. With bronze weapons in 
their hands, our ancestors became better hunters and more 
dangerous foes. Their conquest of the wilderness was less 
difficult. With bronze axes the first forests of Europe were 
felled. With a knowledge of copper, tin, and bronze in their 
possession, the smelting of iron was sure to follow. When 
it did, a metal was gained which even to this day has been 
a symbol of power. 

Other early arts. Probably a knowledge of pottery came 
some time before the use of fire. Still there could have been 
only sun-dried vessels until men learned to heat their clay 
products in the fire. Pottery is one of the oldest arts, and 
many specimens of rare workmanship and beauty of design 
have come down to us from early times. Just when the 
potter’s wheel for shaping plastic clay was invented nobody 
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knows, but it was in use long before the earliest records of 
history. ; 

Weaving, too, is one of the early arts. Relics of ancient 
spinning whorls and spindles, coming down to us from the 
Bronze Age, show that even then this was a well-developed 
art. 





Fic. 3. A GROUP OF PUEBLO INDIANS 


The Indian woman at the right is spinning with the distaff and spindle, 
while her companion is weaving with a primitive type of hand-loom, The 
man is using a stone for an anvil. 


In this short chapter I have tried to show you that not 
all of the great inventions have been made in recent times. 
Even before the earliest beginnings of written history, there 
had been great periods of progress and a wealth of invention. 
We should never forget that without this groundwork of 
early invention all tle splendid achievements of later times 
would have been utterly impossible. 


CHAPTER II 
AFTER THE CAVE MEN 


AFTER you had learned to creep, you spent many weeks 
and possibly several months in patient effort before you 
had control of the movements of your legs so that you could 
walk. So it was with early men. Little by little, working 
through vast periods of time, their inventive skill brought 
them out of the dark night of savagery and into the bright 
morning of early civilization. They freed themselves from 
the danger of wild beasts and subdued the wilderness. They 
built comfortable homes and learned the beginnings of 
architecture. They tilled the soil. They learned to draw 
and paint. They began to fashion works of art from mar- 
ble and clay. They became skillful warriors and fearless 
sailors of the sea. Tribes gathered into nations and gov- 
ernments began. . 

When the stories which I shall tell you today happened, 
the world was no longer young. ‘True, the civilized peoples 
of the earth lived in a small area about the Mediterranean 
Sea. Columbus had not sailed from Spain on his voyages 
of discovery. Methods of travel and communication were 
very slow. The earth was very large. Still, those people 
regarded themselves as far advanced. They were. Did you 
ever stop to think that our wonderful inventions of today 
may be looked upon at some future time as very simple? 

12 
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The world never stands still and you boys and girls will see 
many marvelous things come to pass before you grow old. 

The first machines. As a lad, I loved to go into the forest 
with my father and older brothers to cut wood. It often 
happened that a fallen tree or log had to be lifted off the 
ground and blocked up in order to be sawed. To do this 
by a straight pull would have been impossible. The prob- 
lem, however, was easily solved. Father would cut a long, 
stout pole, about five inches in diameter at the butt. Thrust- 
ing the larger end under the tree and resting the pole across 
a log of wood rolled to within two feet of the tree, we would 
pull down on the far end of the pole and up would come the 
tree as easily as could be imagined. I used to wonder at 
the great strength we seemed to possess when we had fixed 
up such a machine,—for that simple device was a machine. 
It is now known as the lever, and the man who first studied 
it and worked out the law by which it acts was an old Greek, 
named Archimedes. Maybe you have heard of him before. 
He was the greatest inventor and mathematician of an- 
tiquity. He was born in the city of Syracuse, on the island 
of Sicily in the year 287 B. c. He became a favorite with 
King Hiero, to whom it is said he was probably related. 
Because of his great ingenuity and inventive genius he 
helped the king in many ways. 

Archimedes said to King Hiero one day, “If I had a place 
to stand and a lever long enough, I would move the earth.” 
The king wondered at such a bold statement and asked 
Archimedes to give an exhibition of his remarkable lifting 
power. Fixing up a system of pulleys similar to those now 
used in hoisting a piano to a high upper floor of a building, 
Archimedes, single handed and with little effort, dragged a 
heavy ship, loaded with freight and passengers, out of the 
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water and onto the beach. So astonished was the king, 
he announced that thereafter the word of Archimedes should 
be accepted as final on any subject whatever. . 

In those days there were no water pumps. The law gov- 
erning the pump was not discovered until many centuries 
later. Archimedes, however, invented a device for lifting 
water which even to this day does not cease to excite wonder. 
It was a large hollow screw of considerable length, made 
just like a corkscrew. When the screw is placed in a slant- 
ing position with its lower end dipping into water, and is 
turned round and round, water is caught in the screw and 
carried to the top, where it is forced out. Even now this 
device seems difficult to understand. Water actually ap- 
pears to flow up hill. See if you can explain how it works. 

King Hiero’s crown. One day the king brought to Archi- 
medes his crown and asked him to tell whether or not it 
was: made of pure gold. The king suspected that a dis- 
honest goldsmith had alloyed it with silver. Here was a 
difficult problem, for Archimedes was not permitted to in- 
jure the crown in any way. ‘The question puzzled him 
greatly, and it was constantly in his mind. He could not 
get rid of it. Still he could think of no way to make the 
test. He knew his reputation as the wisest man in the king- 
dom was at stake. To fail would mean to disappoint the 
king, and possibly to lose the royal favor. Then one day, 
as he stepped into a bath of his native city, there flashed 
into his mind the solution of the problem. So excited was 
he that, without waiting to dress, he dashed out upon the 
street and ran toward his home, shouting “Eureka! 
Eureka!” which means, “I have found it! -I have found 
Tt 

As Archimedes had immersed himself in the tub, full to 
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the brim, he noticed the rise of the water and came to the 
conclusion that its overflow was the same in volume as that 
of his body. But I hear you asking, “How did that help 
him to solve the problem of the crown?” Well, it helped 
him in this way: He immediately began to make tests and 
found that a piece of gold of a certain weight would displace 
less water when immersed in it than a piece of silver of the 
same weight. Obtaining a piece of gold of exactly the same 
weight as that of the crown, he put it in a bucket level full 
of water and caught and measured the water that over- 
flowed. He then made the same test with the crown, and 
found that the crown displaced a larger volume of water 
than the piece of pure gold had done. This proved to Ar- 
chimedes that silver or some other base metal must have 
been alloyed with the gold. Again Archimedes had won 
renown, and the fame of this experiment has come down 
even to the present day. 

The most important result of this demonstration was Ar- 
chimedes’ discovery of the laws of floating and sinking 
bodies. Some day, when you get into the high school, you 
will have to study these laws and work many problems 
upon them. 

- When the Romans came in their ships to besiege the city 
of Syracuse, Archimedes devised many engines of war to 
hurl missiles upon the enemy. So successful was he that 
he became the terror of the Roman warriors, and prevented 
the capture of the city for many days. It has even been 
reported that he set fire to the Roman ships in the harbor 
by reflecting the rays of the sun from concave mirrors. But 
at length, owing to Roman strategy, the city fell. Unaware 
of the fate of his native city, Archimedes was busily engaged 
on a mathematical problem. As he was bending over a 
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figure which he had drawn in the sand, a Roman soldier 
approached and slew him. Can you imagine a school boy of 
the present day so deeply absorbed in some problem in 
arithmetic as not to see the approach of a murderous foe? 
Archimedes is the first great inventor of whom we have 
any distinct record. Probably most of the principles made 





Fic. 4. ARCHIMEDES 


_ The slaying of Archimedes by a Roman soldier as the great mathema- 
ticlan was solving a problem from a figure drawn on the floor. 


use of in his machines had been employed by earlier men, 
but the glory of Archimedes is none the less. 

About the heavens. For a number of years I taught 
astronomy. As you know, this is the study of the heavenly 
bodies. Frequently on beautiful evenings I would gather 
the boys and girls of my classes at the high-school building 
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to study the stars and to view the moon and planets. We 
were very fortunate in having a good-size telescope. It 
was about six feet long and five inches in diameter. What 
a wonderful sight the moon and planets presented! I 
shall tell you more of that later. First, I wish to tell you the 
story of the telescope and its inventor. 

From the days of Archimedes to the time of Galileo and 
the invention of the telescope, we must skip over nearly 
eighteen centuries of history. During this period occurred 
the “Dark Ages,” of which you have very likely heard. In 
them the world, in some ways, went backward instead of 
forward. In Europe, information concerning many of the 
inventions and discoveries of earlier men disappeared. 
These are often referred to as the “lost arts.” For one 
thing, men lost knowledge of the art of hardening bronze, 
and much of their skill in glass making disappeared. But 
out of this black night of ignorance came the dawn of the 
Italian Renaissance, which means the re-birth of learning. 
Once again men began to make discoveries in science and 
to invent new devices. 

A great inventor. After Archimedes died no great in- 
ventor appeared until Galileo, of whom I shall tell you now. 
From his name, I think you can guess that he was an Italian. 
He was born at Pisa in 1564, more than three hundred and 
fifty years ago, and on the very day that the great Italian 
painter and sculptor, Michelangelo, lay dying in Rome. 

Galileo came from a noble family, and his father, who 
had lost his wealth, wished his son to become a merchant. 
The boy delighted in music and poetry, and loved to study 
the works of the great masters of art and literature. Very 
soon the father saw that his gifted son would never be 
happy in a business career. So the youthful Galileo was 
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sent to the university of his native town to study medicine. 
One day, as Galileo was kneeling in the Cathedral, he no- 
ticed that the chandelier, which had just been lighted, was 
left swinging to and fro. As he watched it, suddenly it 
occurred to him that these swings of the chandelier were 
all made in equal times. Using his pulse as an indicator of 
time, he proved the truth of his conclusion. At once he used 
this discovery in a device for counting the pulse. A little 
later it was used by some one else in the invention of the 
pendulum clock. 

Galileo did not like the practice of medicine much better 
than he did the business of a merchant. One day, as he 
waited outside the door of a famous scholar of the Tuscan 
Court, he overheard that learned man giving a lesson in ge- 
ometry to one of the king’s pages. Galileo stood charmed 
until the end of the hour. Then he begged the instructor, 
who chanced to be an old friend of his family, to teach him 
mathematics too. The request was granted and Galileo, 
abandoning the study of medicine, soon became the most 
able mathematician and scientist of his time. At the age of 
twenty-six he was appointed professor of mathematics in his 
own university. I think Galileo must have liked mathe- 
matics better than most boys and girls like arithmetic. How 
many of you are delighted with the working out of difficult 
problems? 

Galileo upsets an old belief. Galileo was always getting 
into trouble. He would never accept as true anything that 
he could not prove. For centuries no one had dared to 
question anything that had been taught by Aristotle, a 
Greek philosopher who lived at Athens about a century 
before the time of Archimedes. For one thing, Aristotle 
had taught that a body weighing one hundred pounds would 
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fall one hundred times as fast as a body weighing one 
pound. No one had ever thought to try an experiment to 
learn whether this statement were true. Galileo doubted it. 

Determined to make a test, Galileo went to the top of 
the famous “leaning tower of Pisa” and, in the presence of 
the professors and students of the university, dropped fo- 
gether a one-hundred pound cannon ball and a one-pound 
shot. To the dismay of his opponents, the two bodies struck 
the ground at the same instant. Aristotle was wrong and 
Galileo right. This discovery made Galileo so unpopular 
that he was forced to leave his native city. He fled to 
Padua, in northern Italy, where he was given a professorship 
in the university at a much larger salary than he had re- 
ceived in Pisa. So popular did his lectures become that 
he was often compelled to give them in the open air, in 
order to accommodate all who came to hear him. 

The telescope. Wenow come to Galileo’s great invention. 
In 1609 a report came to Galileo that Hans Lippershey, a 
Dutch optician, had made a curious toy by which distant 
objects were made to appear nearer and larger than they 
did with the naked eye. Galileo knew that spectacle glasses 
had been used in this device, but he did not know how they 
were arranged. All night he sat up trying to discover the 
secret. For years he had believed with the great astrono- 
mers, Copernicus and Kepler, that the earth revolves 
about the sun and not the sun about the earth, as had been 
taught by the ancients. Could it be possible that this new 
device would enable him to discover the truth about this 
matter? Galileo determined to find out all he could about it. 

Into one end of a lead tube he fastened a convex spec- 
tacle glass (one thick in the middle and thin at the edges), 
and into the other end a concave glass (one thin in the 
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middle and thick at the edges). To his delight he found 
that this simple device made objects appear nine times as 
large as when viewed with the unaided eye. Away Galileo 
flew to the senate of Venice and exhibited his “optic tube” 
to the noblemen present. Together they climbed to the 
top of one of the tallest towers of the city and watched 
the ships at sea. Through the telescope the ships were vis- 
ible two hours before they could be seen without its aid. 
The greatest excitement took possession of the populace, 
and Galileo was almost mobbed by the people in the street, 
so eager were they to look through his magic tube. 

Galileo gave his first instrument to the Venetian Senate 
and made another for himself which magnified objects thirty 
times. To do this he learned the art of grinding his own 
lenses. Turning his telescope upon the heavens, he discov- 
ered that he could count many more stars than were visi- 
ble with the naked eye. The moon was a beautiful pic- 
ture. Its surface seemed to be much like that of the earth. 
It was scarred with rugged mountain ranges and pitted 
with many volcanic craters. In between lay deep valleys 
and broad plains. Just imagine yourself making such an 
exploration of the night-time skies and seeing sights that 
no one else had ever seen before! What a thrill of pleas- 
ure you would experience! Just so Galileo was thrilled. 
No longer was his knowledge of the universe to be confined 
to a small portion of the earth’s surface. With his “optic 
tube” he could now unlock the mysteries of the stars. 

Looking at the beautiful Milky Way, he found that this 
band of hazy light stretching diagonally across the sum- 
mer sky is not “star dust,” but consists of myriads of blaz- 
ing suns. Yet they are at such stupendous distances away 
that they seem almost to rub elbows with each other. — 
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Galileo’s most important discovery was that of the moons 
of Jupiter. For centuries the ancient observers of the 
heavens had noticed that certain stars change their posi- 
tions throughout the year with reference to the other stars. 
They called these stars planets, which means wanderers. 
Six were known at that time, Mercury, Venus, Earth, Mars, 
Jupiter, and Saturn. 

Up to that time it was not thought that the earth itself 
was a planet. The ancients regarded the earth as the center 
of the universe, with all the other heavenly bodies revolving 
about it once in each twenty-four hours. You have already 
learned in your study of geography that the earth revolves 
about the sun once in three hundred and sixty-five days. 
Galileo believed this, but few others did. Then one evening 
he turned his telescope on Jupiter, and behold, there were 
four tiny “stars” close by. He watched them from night to 
night and quickly saw that they were revolving about Jupi- 
ter just as our moon revolves about the earth. No longer 
was there any doubt in his mind that the mysterious wan- 
derings of the planets are due to their revolutions about the 
sun. The earth, instead of being the most important body 
of the universe, became with Galileo’s discoveries only one 
member of a great solar family. 

Many feared to know the truth. This idea was a great 
blow to the fixed beliefs of that time. Many of the most 
famous men of Italy refused to look through Galileo’s tele- 
scope for fear that they might be convinced of the truth 
of this new view of the heavens. It was thought wicked 
to hold such beliefs. Galileo was warned to keep silent. 
Still he felt that a knowledge of the truth was more im- 
portant than any personal ill treatment that might befall 
him. At length he was summoned to Rome by the Pope. 
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Fic. 5. GALILEO 


Here we see the great astronomer of Pisa in prison. On the wall he is 
making figures of the new view of the heavens. 


The Pope had been Galileo’s friend and he treated the 
learned scientist with great leniency. But Galileo was made 
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to deny that the earth revolves about the sun. His denial 
was published throughout Europe, but Galileo’s ideas had 
already taken root and the new knowledge of the heavens 
spread rapidly throughout the civilized world. 

Galileo was then an old man. Soon his favorite daughter 
died, and he became blind. Yet to the end of his days he 
continued to experiment and to make discoveries. In the 
year of his death, 1642, there was born in the British Isles 
a man who was to give complete proof of Galileo’s views. 
This man was Sir Isaac Newton. We shall learn more about 
him later. 

Astronomy is the oldest and most beautiful of the sci- 
ences. As the Chaldean and Assyrian shepherds tended 
their flocks at night, they studied the stars. They fancied 
that the outlines of certain groups of stars resembled the 
figures of animals and other objects. Names were given to 
some of these groups. With at least one or two you are all 
familiar. The “Big Bear” or “Big Dipper,” with its two 
pointers in line with the pole star, may be seen at any time 
of the year. “Orion,” the Huntsman, is a beautiful sight 
in the winter sky. We call these groups of stars constel- 
lations. 

You should become familiar with these constellations and 
learn to point them out. That is what I tried to teach my 
boys and girls to do in the evenings spent with the telescope. 
We often looked at the planets. We could see the moons of 
Jupiter, just as Galileo had seen them so many years ago, 
only we saw them more distinctly, for we had a better tele- 
scope. The rings of Saturn were often a beautiful sight. 

So far away, too, are these stars that should the light go 
out on the nearest one of them tonight it would continue 
to shine on at the same point of the heavens for three and 
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a half years to come. That is because it takes light three 
and a half years to come to us from this quite near neighbor. 
Yet the light travels at the very great rate of one hundred 
and eighty-six thousand miles a second. 

I want to leave one other thought with you. Probably 
many of these blazing suns, which we call stars, have 
planets revolving about them, just as our sun does, and for 
ali we know some of them may be inhabited as our earth is. 

The stories of Archimedes and Galileo have carried us 
from primitive men to quite recent times. In the chapters 
that follow we shall learn of what may seem to be still more 
wonderful inventions and discoveries. 


CHAPTER III 
WHEN ELECTRICITY WAS NEW 


ELEcTRIcITY is so familiar to us that I know it will seem 
difficult for you to imagine a time when this wonderful form 
of energy was new. Yet there must have been a day, ages 
ago, when some cave dweller rubbed an ornament of amber 
across the fur of his skin coat, or possibly against the palm 
of his dry hand, and accidentally discovered that it would 
pick up bits of paper, small pieces of wood, and other ob- 
jects. Of course the cave man did not understand why this 
happened. 

I imagine that, if you were to do this for the first time, 
it would be just as much of a mystery to you. Yet you have 
done the same thing by rubbing your fountain pen on your 
coat sleeve, stroking a cat’s back, or scuffing your feet 
across a rug. You know that when the air is crisp and dry 
such experiments will produce a crackling noise and, if the 
room is dark, the sparks will fly. The dull-witted cave 
man doubtless gave this simple experiment no _ fur- 
ther thought. He did not know that he was dealing 
with a source of energy which would some day move the 
world. 

Magnetism. Still later, after men had discovered iron 
ore and had learned to work it, another natural curiosity 
became known. Of course you have heard the story of the 
Shepherd Magnes and how one night, as he tended his 
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flocks on the slopes of Mount Ida, he was amazed to find 
his iron crook and the nails of his shoes clinging fast to a 
large black stone. Whether this story is true or not, either 
in this or some similar way, it was discovered many hun- 
dreds of years ago that a certain ore of iron, called mag- 
netite, is a natural magnet, that is, it will attract other 
pieces of iron and steel. Imaginative tales from the Middle 
Ages even tell of magnetic mountains in the sea which 
were said to draw ships to destruction and disturb the com- 
pass needle. 

You have all played with magnets, I know. But you may 
not be much wiser about them and their many uses than 
were these early men. Someone, nearly a thousand years 
ago, discovered that a magnetic needle, a steel needle 
stroked with a magnet and balanced at the center, would 
swing around until it pointed toward the north, and could 
be used to guide the mariner across the sea. Of course, 
the Chinese are said to have invented the compass several 
centuries before, and possibly they did. The first man, 
however, to experiment with magnets and electricity was 
William Gilbert, physician to Queen Elizabeth. You 
know that, while a magnet will attract only other pieces of 
iron, the electricity produced by friction, or rubbing, will 
attract any light objects. Gilbert was the first to show that 
there is a difference between magnetism and electricity. 
Because of his early experiments we now call him the 
“Father of Electricity.” He also showed that the earth is a 
huge magnet, and that it is its magnetism which explains the 
movements of the compass needle as well as its direction 
north and south. 

The first electric machine. Knowledge always grows, and 
very soon a German, Otto von Guericke, the same man that 
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invented the air pump, made the first electric machine. 
It was a simple device, but people regarded it with a great 
deal of awe, much as many of us do radium and the X-ray, 
and what we think are wonderful discoveries of our day. 

Von Guericke mounted a small sphere of sulfur on a shaft 
so that it could be turned, or rotated, just like a grindstone. 
By rotating it against the palm of his hand he was able to 
electrify the sulfur. Then it would pick up all sorts of light 
objects, just as the amber had done. At night a beautiful 
glow appeared about his rotating sphere. This was the first 
electric light. I suppose this electric light gave just as 
much joy to the burgomaster of Magdeburg as the incan- 
descent lamp did to Edison nearly two hundred and fifty 
years later. New discoveries always produce great delight. 
You know what pleasure you get when with your Chemcraft 
set you mix two solutions and produce a new color, 

Conductors and nonconductors. A curious old English- 
man, named Stephen Gray, now came on the scene. I know 
you would have liked this man, for he enjoyed playing with 
children and doing experiments for them. Sometimes he 
even used youngsters themselves in his demonstrations. 
One of his favorite amusements was to suspend boys from 
the ceiling by means of silk cords, and then draw sparks 
from their faces with one hand when he brought an electri- 
fied rod near to their feet with the other. This was great 
fun for the onlookers, but rather hard on the boys. 

Gray became much interested in electricity, and for his 
own pleasure he began to experiment with glass tubes, fish- 
ing rods, hemp twine, and silk. If he had been told that 
these simple experiments would make a name for him in his- 
tory, he would have thought it a joke. But he did discover 
that some substances will conduct the electric “virtue,” as 
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it was called, and that others will not. He found metals 
to be the best conductors of electricity and silk the poorest. 
Slowly, step by step, men were learning new facts about 
this fascinating form of energy. But they still knew little 
about it—indeed they were only in the first stages of the 
knowledge of electricity. 

Two kinds of electricity. Up to this time no one knew 
that there are two kinds of electricity. Why should there 
be? Electricity was simply electricity, they thought. That 
seemed clear enough. Then one day, in 1733, a Frenchman, 
named Charles duFay, electrified a glass rod by rubbing it 
with silk, and balanced it in a stirrup hanging by a silk 
thread. When he brought another electrified glass rod near 
to the suspended one they repelled each other, or were 
driven apart, but, to his surprise, a rod of ebony or sealing 
wax when rubbed with flannel attracted the glass rod. Over 
and over he repeated the experiment, just as you would 
have done if it were new to you. The result was always 
the same. He also suspended an electrified rod of sealing 
wax and found that it would be repelled by another elec- 
trified rod of sealing wax, but attracted by an electrified 
glass rod. By these experiments it became known that 
there are two kinds of electricity. A little later Benjamin 
Franklin gave the name “positive” to the kind of electricity 
obtained by rubbing glass with silk, and “negative” to that 
produced by rubbing ebony or sealing wax with flannel. 

You may carry out these experiments, too, if you like. If 
you will go to a library and get a textbook on Physics or 
General Science, you can read of many other experiments 
that you may make. 

Electric fire. About this time another experimenter, 
named George Bose, made a huge electric machine by 
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mounting a large glass vessel or receptacle, called a retort, 
so that it could be rotated rapidly against pads of silk. 
With it he could produce long electric sparks which looked 
like lightning or tongues of fire. One of his amusements 
was to stand twenty soldiers in a line and, having them join 
hands, send a violent shock through them. Every year I 
do this with the members of my General Science class. It 








Fic. 6. FRANKLIN AND THE KITE 


Franklin robbed the lightning of its terror and mystery when he showed 
it to be identical with the electricity of the Leyden jar. 


is great fun, and the boys like it. When we are studying 
electricity, the penalty for coming to class late is to receive 
a shock from the electric machine. 

One evening Bose gave a banquet to a large number of 
his friends. To prevent the transfer of electricity from the 
banquet table to the floor, he insulated the table by placing 
blocks of pitch (a nonconductor) under the legs. Then in 
a closet off the dining room he hid his electric machine and 
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connected it with the table. As the guests entered, an as- 
sistant started the machine and, when they began to sit 
down, tongues of fire leaped from the silver accompanied 
by a crackling noise like the fire of musketry. Not content 
with this brilliant display, Bose produced a beautiful young 
woman, insulated from the floor as the table was by a non- 
conductor, and mysteriously connected with the electric 
machine. The guests were invited to meet her, and, as each 
reached out his hand, sparks passed between their finger 
tips and both received a shock. I have always been sorry 
for the young woman. 

A little later it was shown that these electric sparks were 
hot enough to ignite alcohol and set off gun powder. 

The Leyden jar. One discovery followed another. Peter 
Van Musschenbroeck, a Dutch professor at the University 
of Leyden, in Holland, carried out an experiment which he 
had cause to remember as long as he lived. From the ceiling 
of his laboratory he suspended a gun barrel and connected 
one end of it with his electric machine. To the other end 
he fastened a brass wire and brought it down into a glass 
jar partly filled with water. His assistant started the ma- 
chine, and Van Musschenbroeck, holding the jar in one 
hand, tried to draw sparks from the gun barrel with his 
other hand. He succeeded in getting the sparks, but he also 
received a shock which he says shook his body “as by a 
lightning stroke.” In this way it was found that electric 
charges might be stored, and the famous Leyden jar was 
soon invented. 

The Leyden jar was the first condenser, a device which 
you boys and girls who have radio sets know all about. It 
consists of a glass jar having tinfoil coatings covering the 
bottom and two-thirds of the sides, both on the inside and 
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outside. It is provided with an insulating top of wood or 
hard rubber, and not metal. This top carries a brass knob 
and rod, which leads to the bottom of the jar. When the 
knob is connected to an electric machine, and the outer tin- 
foil is in contact with a wire leading to a water pipe or 
some other “ground,” it can be charged. Benjamin Frank- 
lin charged a battery of ten of these jars and with it killed 
aturkey. This was probably the first real electrocution. 

Franklin and the lightning. No doubt you have heard 
the story of Franklin and the kite. Still, I am going to 
refresh your memories. Benjamin Franklin was a famous 
scientist as well as a great statesman. Like many others, he 
had noticed the very striking resemblance between the dis- 
charge of an electric machine and a lightning flash. He 
kept wondering if the electricity of the Leyden jar and 
lightning might not be the same. At length he decided to 
carry out an experiment and answer this question once and 
for all. To experiment is the only way to discover the facts 
of Nature. 

Franklin’s kite consisted of a small cross of two light 
strips of cedar, over which he stretched a silk handkerchief. 
To the top of it he attached a sharp-pointed wire about a 
foot long. At the end of the hemp string leading from the 
kite to the ground, he fastened a door key, and to this a 
piece of silk ribbon which he held in his hand. Why did 
he use silk? He waited for a storm, and when it came 
flew his kite into the thundercloud. Standing under cover, 
he watched to see what would happen. As the hemp string 
became wet with rain, he noticed that the loose threads upon 
it began to stand out like the fur on a cat’s back, and to 
glow with light. Then, bringing the knuckle of his other 
hand near to the door key, he drew a spark exactly as he 
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might have done from an electric machine. This was a bold 
experiment, for Franklin might have received a lightning 
discharge which would have meant his death. He next 
charged a Leyden jar by bringing its knob near to the key. 

In a short time Franklin had, with the lightning from the 
thundercloud, performed all of the experiments, which he 
was in the habit of doing with the electricity produced in 
his laboratory. Thanks to Franklin, we now know that, 
when water evaporates from the surface of the earth, the 
vapor goes away charged with electricity. This electricity 
collects in the clouds and, when it discharges from cloud 
to cloud or from a cloud to the earth, we have the display 
of lightning. 

The pointed brass wire which tipped Franklin’s kite drew 
the electricity from the cloud, and because of this fact, he 
was led to invent the lightning rod. 

Another curious experiment. You have all heard the 
words “galvanic” and “galvanize,” but you probably do not 
know how they came into use. The story is an old one, but 
you may not have heard it. One day nearly a century and 
a half ago, Luigi Galvani, a great Italian physician, placed 
a dissected frog on a table near his electric machine. Just 
then one of his assistants touched the thigh of the frog 
lightly with the point of a knife and at the same time drew 
a spark from the machine. At once the frog’s legs began 
to contract and twitch violently. Again and again they re- 
peated the experiment, and always with the same result. 
Next Galvani erected a metallic conductor on the highest 
portion of his house and connected it with his laboratory 
below. To the bottom of the conductor he attached a dis- 
sected frog, and to the feet of the frog a wire which he 
“grounded” in the water of a nearby well. Then he waited 
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for a thunderstorm. When it came, the electricity from the 
clouds made the frog’s legs twitch just as they had done with 
the discharge from the electric machine. 

Galvani was now thoroughly interested, just as you would 
have been in his place. He began to carry out all sorts of 
experiments with frogs’ legs. One day he hung several 
frogs from an iron railing by means of brass hooks passing 
through their spinal cords. Then he pressed the hooks 
against the railing and at once the twitching began. Here 
was a deep mystery. Galvani did not understand it. But 
we know now that he had produced the first electric cell in 
history. The salt juices in the frogs’ legs acting upon the 
iron and brass had caused an electric current. 

Did you ever have a fresh silver filling in a tooth with a 
gold filling in another tooth just over or under it? Then 
when you brought the two together you felt a tingle in your 
jaw. If you have had this experience, you have repeated the 
experiment of Galvani and the frogs’ legs. The saliva in 
your mouth and the two metals caused an electric current. 
Now, you know that when we speak of galvanic currents, 
we are preserving the memory of Galvani and his famous 
experiment. 

The voltaic pile. Galvani told his friend and fellow-coun- 
tryman, Alessandro Volta, about his discovery. Volta 
wanted to know more about this strange effect, and so he 
began to experiment. That is the way to make discoveries 
in science. Soon he had made the first electric battery. 
He cut out a number of copper and zinc disks. Then he 
built up a pile of these, having first a copper disk and then 
a zinc disk, with a piece of blotting paper soaked in weak 
acid between each pair. When he connected the bottom 
copper disk with the uppermost zinc disk he obtained the 
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first real electric current in history and was able to do all 
that Galvani had done and more. Next, in place of the 
blotting paper, he used glass jars as containers for the acid. 
He then had a real battery. You young radio enthusiasts 
know all about volts, but maybe you do not know that this 
electrical unit was named in honor of the inventor of the 
electric cell. 

More discoveries. Sir Humphry Davy, about whom you 
will want to read more in the next chapter, began to make 
electric batteries. With them he separated water into oxy- 
gen and hydrogen, and made discoveries in the new-born 
science of chemistry. The discovery made by Volta had a 
wonderful effect. As Davy said, it was “an alarm bell to 
experimenters in every part of Europe.” 

A few years later, in 1819, one of the great discoveries in 
experimental electricity was made. Hans Christian Oersted, 
a Danish physicist, was lecturing one day before his class 
in the University of Copenhagen. Suddenly one of his stu- 
dents, it is said, noticed that the compass needle was moving 
about in a peculiar way. At once he called his teacher’s 
attention to its strange behavior. They began to investi- 
gate. It was found that a wire carrying an electric current 
had accidentally been placed above the compass needle. This 
had caused the needle to turn and set itself across the path 
of the wire. They continued to experiment with the com- 
pass and the electric current in all sorts of ways. As a re- 
sult, they made the important discovery that a wire carrying 
an electric current has a magnetic field of force, or a myste- 
rious influence, just as the lodestone or a steel magnet has. 
Otherwise, it could not affect the compass needle. It had 
been suspected for a long while that there was some rela- 
tion between magnetism and electricity, but before this no 
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one had been able to find it. This discovery proved to be 


the starting-point in the making of a number of electrical 
devices. 





Fic. 7, A HOME-MADE ELECTROMAGNET 


By closing a switch this boy is causing an electromagnet made in a 
home laboratory to lift a weight of over forty pounds. 


Step by step these pioneers were forging the links in a 
chain of discovery which was to lead to the wonderful 
inventions of the Age of Electricity in which we live today. 
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The electromagnet. Now the way was clear for the in- 
vention of the electromagnet. The year following Oersted’s 
discovery, the French scientist Ampére, after whom we have 
named the unit of electric current, showed that a coil of wire 
through which an electric current is passed acts like a mag- 
net. Just a little later Sturgeon, an Englishman, wrapped 
a few turns of wire about a soft iron core and found that 
when a current was passed through the wire his apparatus 
behaved just like a magnet and had wonderful lifting power. 
There was one important difference, however, between a 
steel magnet and this electromagnet. When the circuit is 
broken and the electric current does not flow in the wire, the 
electromagnet loses its power. As we shali see, this is one 
of its chief advantages. 

Although Sturgeon had made the first electromagnet, he 
did not construct any of great lifting power. It was left for 
Joseph Henry, professor of natural philosophy at the Albany 
Academy, in Albany, New York, to do the pioneer experi- 
menting in this field. For the first time Henry used wire 
insulated with silk. Then, by winding many turns of fine in- 
sulated wire about a soft iron core bent into the shape of a 
horseshoe similar to the one shown in Fig. 7, he made an 
electromagnet that would lift six hundred and fifty pounds. 
With a tiny cell having plates of copper and zinc only one 
inch square and containing but a few thimblefuls of weak 
acid, he lifted eighty-five pounds. Later he made a magnet 
which was able to lift thirty-six hundred pounds. 

You have probably experimented with electromagnets 
and know how useful they are. You can make one easily 
yourself by winding fine insulated wire about a soft iron core 
and passing the current from two or three dry cells through 
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Fic. 8. JOSEPH HENRY 


Joseph Henry, in the Albany Academy nearly a century ago, censtructed 
the first large electromagnets and made discoveries which rank him with 
Faraday as a pioneer in the new realm of electricity. 


it. The more turns of wire you have, the stronger will be 


your magnet. 
The electromagnet, as we shall see, made the telegraph 


possible. It rings our door bells. It is used in the dynamo, 
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the motor, and the telephone. Great electromagnets, lifting 
many tons of iron, are used in steel mills and iron foundries. 
Without electromagnets many of the great applications of 
electricity would have been impossible. 

Changing magnetism into electricity. Michael Faraday, 
who made the last of the pioneer discoveries in electricity, 
was an interesting boy and a still more interesting man. He 
was the son of very poor parents. As a lad he worked as 
a newsboy and later became an apprentice to a bookbinder. 
The idea of a tradesman’s life was very distasteful to him. 
One day a kind friend gave him a ticket to a course of lec- 
tures which the renowned Sir Humphry Davy was giving at 
the Royal Institution. 

So fascinated was Faraday with what he saw and heard, 
that he determined to become a scientist. He had made 
careful drawings of the apparatus and taken full notes of 
the lectures. These he sent to Sir Humphry with a note 
asking permission to become assistant in the laboratory of 
the Royal Institution. You may imagine his delight when a 
few weeks later a coach drew up at his door and a liveried 
footman bore him a note from the great scientist giving to 
the young apprentice the much-coveted position. 

Faraday went to live in rooms in the Royal Institution 
and remained as a worker there for nearly fifty years. He 
assisted Davy in all his work and soon became a real scien- 
tist himself. Twelve years later he succeeded Davy as 
Director of the Institution. In one of the first experiments 
in which he assisted, a terrific explosion occurred and 
Faraday received thirteen pieces of glass in his eye. But 
this did not dampen his enthusiasm in the slightest. He 
continued to do faithfully every duty that was assigned him. 
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In time he became an even greater lecturer than Davy had 
been, and the foremost scientist of Europe. 

Although Faraday experimented in all branches of sci- 
ence, his most important discoveries were in electricity. 
After Oersted had found that an electric current could pro- 
duce magnetism, it seemed perfectly clear to Faraday that 
he ought to be able to change magnetism into electricity. 
He went to work to do this. For ten years he found the 
task impossible. Then in 1831, within the short space of 
ten days, he made discoveries which led to the dynamo, the 
motor, and a host of other electrical appliances. 

Faraday connected a coil of wire to a sensitive galva- 
nometer, an instrument for detecting electric currents. Then 
he thrust into the coil a bar magnet. At once there was a 
throw of the needle, showing that a current of electricity 
had been “induced,” as we say now. Then the needle came 
to rest, but, when he withdrew the magnet, there was a 
throw of the needle in the opposite direction, showing that 
a current had been induced again. The current this time 
was in the opposite direction to what it had been the first 
time. 

That was the discovery for which Faraday had been 
searching. He repeated the experiment in all sorts of ways, 
but always with the same results. I have often done these 
experiments for the boys in my classes. 

In this experiment Faraday had discovered how to get a 
current of electricity without a battery. In this work he 
found that whenever a conductor, like a coil of copper wire, 
is moved through the mysterious lines of force which sur- 
round a magnet, an electric current is produced. All of our 
large quantities of electricity are generated in this way. 

With this discovery as a foundation, other men were able 











































































































Fic. 9. MICHAEL FARADAY 


Let us pay to Michael Faraday, the father of the present electrical age, 


the tribute of his friend, John Tyndall: 


“Just and faithful knight of God,” 
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to invent the dynamo, the motor, the induction coil, the 
transformer, and many other electric machines. But, with- 
out Faraday and his discoveries, they would all have been 
impossible. 

Now, my young readers, we have traveled a long way 
in our journey from the cave man who made the first electric 
discovery to Michael Faraday, the prince of modern dis- 
coverers. I think you see that all this wonderful progress 
has been the result of thought and experiment. Sometimes 
an accidental discovery has led to important results, but 
they have always been followed by more thought and more 
experimenting. That is the way our dreams are made to 
come true. Do not get the idea that all the discoveries in 
science and invention have been made. There will be many 
more. Maybe you can help to make some of them. 


CHAPTER IV 
IN THE DAYS OF THE ALCHEMIST AND AFTER 


I wonpER how many of you boys and girls have home 
laboratories? Have you ever made oxygen and hydrogen, 
or mixed solutions of chemicals to get new colors? If you 
have, you know how fascinating such play is. You know 
what joy there is in making a new “discovery.” You can 
understand how the alchemist felt when he thought he was 
about to find a way of changing lead or some other metal 
into gold. 

Maybe you have never heard of that picturesque figure 
of the Middle Ages whom I have referred to as the al- 
chemist. Well, he was the first chemist. Still, maybe you 
do not know what a chemist is. I shall have to tell you. 

A chemist is a trained scientist, who works in a laboratory 
supplied with many chemicals and test tubes and flasks 
and stills and all sorts of interesting apparatus. He tries 
to make new substances that will be useful in the home, in 
medicine, and in industry. For instance, dyestuffs, drugs, 
explosives, and fertilizers are made by chemists. The study 
of these chemicals and the processes of working with them 
is called chemistry. We have been a long while in building 
up our present knowledge of this subject. In the days of 
the alchemist, these crude laboratory experimenters worked 
in the utmost ignorance of the science of chemistry and 
only occasionally stumbled upon an important discovery. 

42 


THE ALCHEMIST AND THE CHEMIST 43 


Do you know that all the materials of the world are made 
up of about eighty-seven substances called elements? You 
are familiar with lead and copper and silver and gold, and 
you have all heard of oxygen and hydrogen and radium. 
Well, these are elements. They are substances which can- 
not be changed into anything different from themselves by 
any known means. For instance, we cannot change lead 
into anything but lead, and so with the other elements. I 
ought to tell you, though, that the wonderful element ra- 
dium, of which you have heard so much, does very slowly 
change into other elements. Still, we cannot interfere with 
this process, and in all other ways radium seems to be an 
element. 

Now these elements are the blocks with which Nature 
builds the air and water and minerals of the earth. When 
two or more elements are chemically united, a compound is 
formed. When hydrogen and oxygen are burned, the com- 
pound water is formed. If we pass a current of elec- 
tricity through water containing a little sulphuric acid, 
the two gases—hydrogen and oxygen—are obtained. Some 
substances, like gold and silver, are found in the earth as 
elements, but most of them are united into chemical com- 
pounds. These compounds, though, can be separated into 
elements. 

The alchemist. The alchemist, however, did not believe 
this idea that one element could not be changed into another. 
He was all the while seeking after what was called the 
philosopher’s stone. He felt sure that somewhere a magic 
substance existed which would enable him to change any 
other substance into gold. For centuries he sought to find 
it. He saw iron rust and thought that the red powder 
formed was a new substance. He did not know that it was 


44 THINKERS AND DOERS 





Fic. 10. THE ALCHEMIST 


Here he is at work in his laboratory, vainly trying to discover a secret 
way of changing the cheaper metals into gold. 


simply the same iron united with the oxygen of the air. 
He found gold and silver in the same mine with lead, and 
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felt sure that some of the lead had changed into these 
precious metals. 

The alchemist thought, too, that this philosopher’s stone 
would give to its fortunate possessor perfect health and 
nobility of character. If he were foolish enough to believe 
in such a substance, I do not wonder that he tried to find 
it. Do you? But those were days of fear and ignorance. 
We must not blame those simple-minded folks too much. 
We should probably have believed as they did, had we lived 
then. 

We must give the alchemist his due. In his fruitless 
search for this mythical substance he blundered on to many 
important discoveries. He made new substances which 
proved useful in medicine or industry. He became a very 
skillful worker and learned many chemical processes. With- 
out knowing it, he laid the foundations for the beginnings 
of real chemistry. In Fig. to we see him at work. 

An interesting story is told of an old alchemist who 
claimed to have found the philosopher’s stone. One day 
he was giving a dinner to a number of friends. At its close 
he entertained his guests with tales from his long life, for 
he told them he had found the secret of perpetual youth. 
In one story he related an incident which he said had oc- 
curred eight hundred years before. Noting the looks of 
astonishment upon his hearers’ faces, he turned to his valet 
and said, “John, is not that true?” The faithful servant 
replied, “You forget, master, that I have been in your serv- 
ice but five hundred years.” Then the mystery became 
deeper still. 

After the alchemist. Although for many years some men 
persisted in the vain search for the philosopher’s stone, 
chemistry took a new and better turn about the beginning 
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of the sixteenth century. Chemists began to make drugs 
and medicines to cure disease. Every apothecary shop in 
Europe became a laboratory, a place where its proprietor 
and his assistant worked over pots and flasks, distilling 





Fic. 11. A MODERN ALCHEMIST 


This boy is burning steel wool in a bottle of oxygen. This combustion 
makes a brilliant sight at night. 


strange potions and preparing new compounds. In their 
eager haste to learn the curative properties of their dis- 
coveries, they frequently caused the death of some un- 
suspecting victim, for these drugs were often poisonous. 
It was in this way that many of our violent poisons were dis- 
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covered. These men added much to the knowledge of chem- 
istry. The most notable of these medical chemists was 
Paracelsus. He taught that “the object of chemistry is not 
to make gold but to prepare medicines.” 

The first chemists. About the time of the American Revo- 
lution real chemistry had its beginning. The first chemists 
were home laboratory workers. There were no high school 
and college laboratories in which chemistry was taught in 
those days. But there were many discoveries in Nature to 
be made, and most anyone who would set himself to work 
could blunder on to some of them. Science was new. Do 
you not envy those early explorers of Nature’s secrets with 
their wonderful opportunities? I do. 

Oxygen. Oxygen is the most interesting and important 
of all the elements. You breathe it at every breath, and 
without it you could not live five minutes. By actual weight 
nearly half of the earth’s crust and eight-ninths of all the 
water is oxygen. 

The discovery of oxygen is one of the most notable events 
in the history of chemistry. The story is interesting. Two 
chemists, Joseph Priestley, an Englishman, and Karl Wil- 
helm Scheele, a poor Swedish apothecary, each made the 
discovery at about the same time. Neither knew that the 
other had done so, and each is deserving of equal credit. 

Priestley was a clergyman by profession, but he delighted 
to experiment in chemistry. He thought out and made many 
new pieces of apparatus and equipped for himself one of the 
best laboratories in Europe. One day he placed some red 
powder, called mercuric oxide, in a glass tube and began to 
heat it. What do you suppose he used to obtain the heat? 
If you have a home laboratory, you use a Bunsen burner 
or a spirit lamp. But neither of these was known ai that 
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time. Priestley used a big burning glass, and focused the 
rays of the sun on his tube. 












































































































































Fic. 12. JOSEPH PRIESTLEY 
This clergyman’s fondness for experimenting led him to the discovery of 
oxygen. 


You know that even a small lens held between your hand 
and the sun will burn like a fine point of fire. Very soon, 
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under the intense heat of his glass, Priestley noticed that 
a gas was escaping from his tube and a white, silvery sub- 
stance was collecting on the inside of it. ‘Surely, I am 
making a new discovery,” he must have said to himself. He 
began to collect the gas and in a short time had a large 
glass jar full of it. 

What would this gas do? That was the next question. 
Priestley began to experiment. In no other way could he 
learn its properties. First he thrust a glowing wood splint 
into some of the gas and it burned brilliantly. He had 
never seen anything burn so brightly before. Certainly 
this was no ordinary “air,” as all gases were called at that 
time. Then he put a live mouse in the bell jar. At once 
the mouse became very lively, and Priestley thought he him- 
self would try breathing the gas. He did so, and it seemed 
to have a wonderfully stimulating effect. We now some- 
times give oxygen to invalids as a stimulant. 

In a short time Priestley had learned all about this gas 
and had published the results of his experiments to the 
scientific world. Then Scheele, a Swedish chemist, showed 
that he had actually made this gas and experimented with 
it before Priestley had. But he had said nothing about it at 
the time. We now honor both of these men as the discov- 
erers of this important element. 

Both Priestley and Scheele made many other chemical 
discoveries, but neither one of them was able to give a 
correct explanation of ordinary burning. They knew that 
a substance needed this new gas oxygen in order to burn, 
but just why they never discovered. 

If you were to go to the chemistry instructor in your high 
school and borrow some apparatus and chemicals, I think 
your teacher would let you make oxygen in your class. You 
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would enjoy it, and you could learn more about oxygen in 
this way than you can by reading. Fig. 13 will show you 
how to set up the apparatus. Possibly you could go to the 
chemistry laboratory of your school and persuade the 
instructor there to give you a demonstration. That would 
be better. 

Antoine Lavoisier. From a boy up, Lavoisier, the most 





Fic. 133. APPARATUS FOR THE PREPARATION OF OXYGEN 


The test tube clamped to the iron rod contains some red mercuric oxide 
just above the flame of the Bunsen burner. When the oxide gets hot enough, 
oxygen gas passes through the bent delivery tube and rises through the 
water in the inverted bottle where the gas collects. 


brilliant French chemist of his time, wanted to be a scien- 
tist. He was the son of wealthy parents and received an 
excellent education. But, above all else, Lavoisier liked to 
experiment, and so he fitted out a laboratory with everything 
that money could provide. He did not make the discovery 
of any new elements, but he did something better. For the 
first time he gave the correct explanation of burning. This 
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process, so common and so useful, had puzzled men for 
ages. Some of them thought they understood it, but they 
were mistaken. You have never thought much about it, I 
know. Burning is the most natural thing in the world. 
Why should there be any mystery about it? Well, there is 
none. 

Until the experiments of Lavoisier, many scientists sup- 
posed that, when a substance burns, it is destroyed. Lavoi- 
sier showed that if he collected all of the products of burn- 
ing, they weighed more than the substance burned. For 
instance, when coal burns, a gas, called carbon dioxide, 
forms. As this gas cannot be seen, it had entirely escaped 
the notice of the early experimenters. Lavoisier showed 
that in such a process this gas weighed more than the orig- 
inal substance. More important still, he proved that the 
substance in burning unites with this new gas, oxygen, 
which Priestley and Scheele had discovered. In doing so it 
generates the heat which we find so useful in the home and 
industry. Thus, Lavoisier explained accurately for the 
first time the important chemical process of burning. 

Lavoisier named this new gas and also a number of other 
elements. The untimely death of this brilliant Frenchman 
during the French. Revolution was a great blow to science, 
but we shall never forget what he did. 

Sir Henry Cavendish. I have already told you that water 
is composed of hydrogen and oxygen. Neither of these gases 
has any odor, taste, or color. But we have seen that oxygen 
causes some substances to burn brightly, and hydrogen itself 
will burn with a very hot and almost colorless flame. Hy- 
drogen is the lightest known substance. You probably know 
that for this reason it is used in filling balloons and airships. 

Even before the discovery of oxygen, hydrogen had been 


52 THINKERS AND DOERS 


obtained by Sir Henry Cavendish, one of the queerest home 
laboratory workers who ever lived. He was a very wealthy 
man, but he considered his money a burden and cared for 
nothing except to experiment. That was the only pleasure 
he found in life. He lived almost entirely alone and did 
not want anyone to know about his experiments. We 





Fic. 14. APPARATUS FOR THE PREPARATION OF HYDROGEN 


The bottle with the funnel contains metallic zinc and dilute sulfuric 
acid. The metal sets hydrogen gas free from the acid. The gas then 
passes through the bent delivery tube and bubbles up through the water 
in the inverted bottle. 


should call him a very selfish man now. Today scientists 
publish the results of their experiments for the benefit of all. 

One day some of his fellow citizens called upon him and 
asked if he would not subscribe to some worthy cause. He 
was thinking more about some experiment which he was do- 
ing than what they asked, and inquired if ten thousand 
pounds would be satisfactory. Upon being assured that 
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it would be, he paid the amount, doubtless considering it a 
small price to give for the privilege of being left alone. 

Cavendish was a very accurate worker and made many 
other discoveries, but we remember him chiefly for his work 
with hydrogen. When he had become famous in spite of 
all his opposition, other men of science sought to honor him. 
On one occasion, much against his will, he was persuaded to 
attend a banquet. When he found that he was the guest 
of honor, he rushed from the hall and fled home, leaving 
the banqueters to go on without him. 

Sir Humphry Davy. Of all the early workers in the new 
field of chemistry, you would have liked Sir Humphry Davy 
best. As a lad he made a laboratory for himself in the attic 
of his house. There you would find him experimenting 
whenever he had a spare moment. His frequent explosions 
alarmed his elders, who feared that he might blow up his 
laboratory and do serious injury to himself and others. 

While still a boy, Davy was apprenticed to an apothecary, 
as a druggist was called at that time, and there, much to 
his delight, he had a real laboratory with plenty of chemicals 
and apparatus with which to experiment. But his fondness 
for explosions caused his employer to dismiss him. 

In the neighboring city of Bristol Dr. Beddoes had just 
established an institute for testing the effects of all the 
known gases upon the human system. Dr. Beddoes had 
become acquainted with Davy and invited him to direct the 
experimental work of his new laboratory. Nothing else 
could have delighted this young scientist more. He imme- 
diately accepted the position and in a short time had dis- 
covered that the gas nitrous oxide would put one to sleep 
and make him insensible to pain. This brought him great 
fame throughout all England. 


Fic. 15. SIR HUMPHRY DAVY 


Prob: other home laborato worker ever won such renown as 
did Sir Humphry Davy. At the age of twenty-three he had earned dis- 
tinction, and before his death in 1829 his fame was world-wide. 
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Although Davy did not make any practical use of his dis- 
covery, about a half century later dentists began to use the 
gas in the painless extraction of teeth, and today it is used 
everywhere for that purpose. 

Unfortunately some of the gases which Davy breathed 
were poisonous and in one instance he nearly lost his life. 
But fortune favored this young prince of experimenters. 
When he was only twenty-three the Royal Institution in 
London made him Director of the Laboratory, a position 
which he held for many years. Here he was in the best 
equipped laboratory of Europe and surrounded with all that 
money and science could provide. It was a genuine paradise 
for him. His duty was to make new discoveries in science 
and give them to the public at stated times each year in 
lectures. Do you not think he was a most favored young 
man? He was free to follow his own fancy and experiment 
as he pleased; but he had to produce results. This he did. 

In a short time he had successfully decomposed water by 
means of the electric current. Then he made one of the 
most brilliant discoveries in the history of chemistry. Build- 
ing for himself a powerful voltaic battery, he decided to find 
what the effect of the electric current would be on a chem- 
ical substance known as potash. Up to this time no one had 
been able to decompose it, but Davy believed it to be a com- 
pound of two elements and not a single element. Much 
to his joy he discovered the new metal named potassium, 
and in a short time five more elements by the same process. 
When he saw the shining globules of molten potassium be- 
ing liberated by the electric current, so. delighted was he 
that he danced about the room like a mad-man and could 
scarcely finish the experiment. I imagine you would act 
in much the same way if you knew that you were discover- 
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ing a new element. Davy discovered six, which is glory 
enough for a lifetime. Very rarely is a new element dis- 
covered nowadays. 

Davy was a wonderful lecturer and for many years the 
most popular man in London. He made other important 
discoveries, but he is more commonly remembered for his 
invention of the miner’s safety lamp, which has prevented 
many frightful explosions in coal mines and has saved thou- 
sands of lives. I shall tell you more about him when I 
describe the electric furnace. 

Now you know more about chemistry than did the wisest 
alchemist. 


CHAPTER V 
PUTTING THE GIANT STEAM TO WORK 


“James Wart, I never saw such an idle boy: take a book 
or employ yourself usefully; for the last hour you haven’t 
spoken a word, but have been taking off the lid of that 
kettle and putting it on again, or holding a cup or a silver 
spoon over the steam, watching it rise from the spout, and 
catching the drops it falls into. Aren’t you ashamed of 
spending your time in this way?” 

Thus did James Watt’s aunt reprove him for idling away 
his time. It is an old story, I know. You have all heard 
how the Scotch lad got his first idea of a steam engine from 
watching the steam lift the lid of the kettle. Whether this 
story is true or not, Watt almost from the time he was a 
lad became interested in running machinery by steam. But 
do you know that this idea of his was not new? Even then, 
steam engines were at work pumping water from the coal 
mines of England. But they were crude, clumsy devices. 
They bore about as much resemblance to the engines of a 
later day as the ox cart does to a palace car. Ideas grow 
slowly. Men had to do a great deal of tedious and painful 
experimenting before they could make a good working 
engine. 

In 1688 Denis Papin, a Frenchman, showed that steam 
could be made to move a piston in a cylinder and lift a 
weight. But he did not put his idea into a practical ma- 
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chine. A little later Thomas Savery of England invented 
a crude sort of steam pump. We would consider it fit only 
for the scrap-heap, but in those days men thought it was 































































































Fic. 16. JAMES WATT 


The steam engine of James Watt revolutionized the workshops of the 
world. This economic revolution was one of the most important events in 
the history of mankind. 


a marvel. Then in 1705 Thomas Newcomen, an English 
blacksmith, devised a half-steam, half-atmospheric engine. 
You will understand how the engine worked by studying 
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WEEE 2: 


Fic. 17, THE OLD NEWCOMEN ENGINE 


\ 


The piston of this engine was thrust up by steam pressure and down 
by air pressure. After each upward stroke a jet of cold water was 
admitted to condense the steam. This left a vacuum on the under side 
of the piston and consequently no upward pressure. The pressure of the 
air above then forced the piston down. 


Fig. 17. Without reading any farther for a moment, see 
if you cannot discover this for yourself. As you see, steam 
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admitted at the bottom of the cylinder lifted the piston 
on the up-stroke. Then a jet of cold water admitted at this 
instant condensed the steam into water and made a vacuum 
in the cylinder. Immediately, the pressure of the atmos- 
phere on the upper side of the piston forced it to the bot- 
tom of the cylinder, and the operation was repeated. 
‘This motion of the piston was transmitted to a walking 
beam which in turn worked the lifting rod of a pump. 
The engine made only six to eight strokes per minute, 
and the valves had to be turned by hand. Just think of 
trying to control the steam valves of a modern engine by 
hand! But there was no better device at the time, and 
_ men had to be content. Very soon, however, it is said, a 
boy named Humphrey Potter, who had been set to turn 
these valves on a Newcomen engine, devised a system of 
strings attached to the walking beam to do the work for him 
so he could go and play. In this way men learned to make 
the operation of the engine automatic, or self-acting. 
Boyhood of Watt. James Watt, who was to invent the 
modern steam engine, was born at Greenock, Scotland, in 
1736. Asa lad he was not very strong, and frequent illness 
interfered with his early school work. But his health im- 
proved, and a little later he became an excellent scholar. 
Watt was a born mechanic. From his youth up he loved to 
tinker, and he spent many a happy hour in his father’s shop 
where he had a workbench and a small forge of his own. 
When he was old enough to choose a trade, he decided to 
become an instrument-maker. Not finding a suitable master 
in the nearby city of Glasgow, Watt set out for London. 
There, after much difficulty, he found a master workman 
who was willing to take him for a shorter time than the 
regular apprenticeship period of from five to seven years. 
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In addition to working long hours in the shop each day, he 
earned enough money outside to support himself. When he 
had learned his trade, he returned home and obtained per- 
mission to open a shop of his own in a small room of one of 
the buildings of the University of Glasgow. There he be- 
came instrument-maker to the university, and spent his 
spare time in doing all sorts of mechanical work for people 
of the city. Besides, he found time to read in the university 
library. In time he earned the reputation of being “a man 
who knew much and could do anything.” 

Watt becomes acquainted with the steam engine. One 
day the university sent to Watt a model of an old New- 
comen engine for repairs. Watt quickly put it into working 
order, but he was amazed to see the great waste of steam 
in its operation. Four-fifths of all the steam admitted at 
each stroke was condensed in heating the cylinder after it 
had been cooled by the jet of cold water. Watt set about 
to remedy this. Some way must be found to keep the 
cylinder hot. How it was to be done, he did not then know. 

He could not keep the problem out of his mind. He began 
to make new models of steam engines. So much time did he 
give to this experimenting that his regular work of instru- 
ment-maker began to suffer. Still he would not give up. 
For days and weeks he puzzled over the matter. Then one 
bright Sunday afternoon in 1765, he went for a walk. As 
usual he was thinking about the steam engine. This had 
become a habit with him. Then, all in a moment on that 
afternoon, the solution flashed into his mind. 

The next day Watt put his idea to the test, and to his 
great delight found that he was on the right track. As 
shown in Fig. 18, instead of admitting water to the 
cylinder at the end of each up-stroke, he allowed the waste- 
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Fic. 18% WATTS FIRST IMPROVEMENT ON THE NEWCOMEN 
ENGINE 


By providing the Newcomen engine with a separate cylinder in which to 
condense the steam, Watt kept the piston-cylinder hot all the while and pre- 
vented a great waste of steam and heat. In spite of this improvement the 
engine was only half a steam engine. Half of its action was still due to air 
pressure. 
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steam to escape into another cylinder, in which he kept a jet 
of cold water playing. The jet of water condensed the 
steam, and so made a vacuum. The engine worked just 
as before, but the piston-cylinder was kept hot all the while. 
This saved a great deal of steam and fuel and was a big 
step in advance. 

Still Watt was not satisfied, for the engine was only half 
a steam engine. The real work was done by the pressure 
of the air. How to make it a one-hundred per cent steam 
engine was Watt’s next problem. He soon found the way. 
He admitted the steam first on one side of the piston and 
then on the other. At each stroke the spent steam of the 
previous stroke was forced into the condensing cylinder. 
Fig. 19 will show you how he did this. 

Watt builds an engine. Watt’s double-acting model, as 
he called this first real steam engine (Fig. 19), worked 
poorly. It leaked steam at every joint. The piston was not 
tight, and the cross-beam broke. But these difficulties only 
made Watt more determined to succeed. Can you not 
imagine the thrill of pleasure that came to him from feeling 
that he was about to make a great invention? Of course he 
did not foresee all that the steam engine would do, but he 
had a wonderful vision of the future, and, like many another 
inventor, he made his dreams come true. 

The next step was to build, not another model, but a large 
engine, big enough to run machinery. The government had 
already granted him a patent, and, in order to obtain much 
needed funds, he formed a partnership with Dr. Roebuck, 
an ironmaster of Glasgow. At length, after many months 
of patient toil with poor tools and unskilled workmen, Watt 
had his trial engine ready for the test. So anxious was he 
over the outcome that he had scarcely slept for weeks. The 


SS 
Sa 
| 
| 
| 


=: 
| 
| 
| 
— 









——_~ 
— 
—— 


SS 


Ss 


— 


Sy 
=H 
= 


——< 
= 


SSS 
aS 
—— 


~ 


Ss 
=< 


je = lit 


ee 


= 
Fae 


4 
HI 

/ 

i 

i : 

‘oe 

va 

{ 

( 

( 

(i 

{ 


EZ 


EL “L, 


eZ 


——— 
a 


Ss 


<= 
Se 
= Ss 


= 


CLE 
Yee 


eS ae 
SZ 
—— = 


= 
EES 


=o a — ey 


SS 1 SED 


Fic. 19. WATT’S DOUBLE-ACTING STEAM ENGINE 


a 
Jam 
_——_— 


This engine was in turn an improvement on the engine described in Fig. 
18 and it was the first whose action was due wholly to steam. In this 
model, Watt admitted steam first on one side of the piston and then on the 
other. When steam was being admitted on one side, the spent steam on 
the other side was being forced into the condenser below. 
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day of the trialcame. The engine was a huge, clumsy affair. 
It puffed and snorted and wheezed. The cylinder and piston 
were not tight, and the condenser did not work properly. 
Watt had to call it a poor job. Because of the way it 
belched fire and smoke, those who came to see it run nick- 
named this first engine “Beelzebub.” 

Discouraged, but not defeated, Watt again set to work. 
To add to his troubles his wife and best friend died just at 
this dark moment in his life. Yet, in spite of sorrow and 
every obstacle, the skies brightened. Dr. Roebuck had 
failed in business, and Watt formed another partnership 
with Matthew Boulton, a wealthy merchant of Birming- 
ham. Relieved of financial worry and aided by more skill- 
ful workmen and better tools, he made ‘“‘Beelzebub” into a 
satisfactory engine. At last he was on the highway to 
success, 

But he faced another difficulty. The engine would not 
keep an even speed. Whenever the load on the engine be- 
came lighter, it speeded up, and when it became heavier, it 
slowed down. Watt saw that something must be done. In 
a short time he overcame the difficulty by the invention of 
the fly-ball governor. When the engine began to speed up, 
the balls swung out, thus operating a valve which cut off 
part of the steam. When the speed diminished, the balls 
moved in and opened the valve wider to admit more steam. 
In this way Watt kept the speed always the same, regardless 
of the load. This same fly-ball governor is used today on 
stationary engines. Watch it work the next time you see 
such an engine. 

Watt and Moulton sold their first engine for use in pump- 
ing water from a mine in Cornwall. That was in 1777. 
Everyone was eager to see what this monstrous machine 
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would do. Mine owners and the people in general came 
from far and near to witness the event. Many predicted 
failure. They found, however, that the engine worked 
perfectly. Water was lifted from the mine more rapidly 
than men had ever before seen it lifted. It was a splendid 
triumph. 

Success and old age. Although there were still many ob- 
stacles to be overcome, Watt and Boulton had succeeded. 
So many engines were in demand for use in the mines and 
factories of England that their firm became prosperous and 
wealthy. The engine remains today practically as Watt 
left it. High-pressure steam, and the compound engine in 
which more than one cylinder is employed, have been added, 
but that is all. 

Watt lived for forty years after his engine had become a 
complete success. Although he did not witness the triumph 
of the locomotive, the steamboat was here before he died. 
He saw steam power adopted in the workshops of the world. 
Not only was this young giant harnessed to pump the 
water and lift the coal from the mines; it began to take the 
place of wind and water; it ground the grist; it turned the 
looms and ran the machinery in the factories of the land. 
It caused an industrial revolution that changed the world. 

Would you not think that the people would have wel- 
comed the steam engine? They did not. Today we can 
hardly understand the spirit then displayed. People were 
bitterly opposed to the new invention. They thought it 
would take their places in the mills and deprive them of 
labor. So hostile were they that a steam-driven flour mill, 
which Watt and Boulton had built at a cost of sixty thou- 
sand dollars, was burned to the ground. They could not 
see that this new form of power would increase the quantity 
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of goods of all kinds that could be made and cheapen their 
cost. They did not know that in a short time, because of 
the steam engine, many more men, instead of fewer, would 
be needed in the mills. But they had to learn, and it was 
not long before they saw their mistake. 

In 1800 Watt retired from business and spent the last 
nineteen years of his life at his beautiful country home at 
Hearthfield. In the attic of his house he provided a large 
workshop, fitted out with tools and machines, where he 
spent many delightful hours in experimenting and inventing. 

Although Watt was not the first to think of running ma- 
chinery by steam, he was the first to give the world a prac- 
tical working engine. 

The Clermont. Had you been on the banks of the Hud- 
son in August, 1807, you might have been startled by the 
appearance of a strange looking craft, which, belching fire 
and smoke from its stack and snorting defiance, was slowly 
making its way up the river against both wind and tide. 
One observer said this rather hideeus-looking boat re- 
sembled ‘‘a backwoods sawmill mounted on a scow and set 
on fire.” 

At night the shower of sparks from the roaring pine-wood 
fire below and the occasional glow of light from the opened 
door of the fire box made a truly terrifying spectacle. 
Amazement filled both young and old. The more ignorant 
stood dumb with fear. Fishermen forsook their nets. 
Nothing like it had ever before been seen. There was no 
sail. Only two monstrous paddle wheels churned the water 
on either side of the boat. Sailing vessels were passed with 
ease. Surely, a thing so frightful must be the work of the 
evil one! 

I have no doubt that even you, my young readers would 
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Fic. 20. THE CLERMONT 


Here we see “Fulton’s Folly” on that first famous voyage up the Hudson, 
Until this time sailing vessels had ruled both on river and sea. 
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have been somewhat awed, at least, had you stood there on 
that memorable August 17 and watched the first successful 
steamboat move up the beautiful Hudson. Not since Hen- 
drick Hudson sailed these waters had any like event oc- 
curred. This first steamboat was the Clermont and its in- 
ventor was Robert Fulton, a man about whom I know you 
will like to hear. 

Robert Fulton. Fulton was born in 1765, and spent his 
boyhood days at Lancaster, Pennsylvania. He was an in- 
teresting lad. Although he went to school and did well 
there, he liked best of all to sail paddle-wheel boats on the 
river and to wander about a nearby factory in which guns 
were being made for the Continental troops. So fond was 
he of quicksilver for use in his numerous experiments that 
he was nicknamed “Quicksilver Bob.” When quite a young 
boy, he learned to draw and paint, and became very skill- 
ful as an artist. It is said that the British spy Major André 
taught him to paint. Young Fulton often made sketches of 
the Hessian prisoners who were kept in the town. Every- 
body liked “Quicksilver Bob,” and wherever he went this 
ability to make friends never failed him. 

When seventeen Fulton set out for Philadelphia, de- 
termined to win fame and fortune as an artist. There he 
hung out his sign as a painter of portraits. Success came to 
him, and his ingenuity enabled him to earn money in many 
other ways as well. He made a friend of Benjamin Franklin 
and upon his advice decided to go to London to study art. 
Before doing so he used a part of his earnings to buy a 
home for his mother. Then in 1786 ke sailed away to be 
gone for many years. 

Fulton made friends wherever he went abroad as he 
had in America. For a time he lived in the house of 


Fic. 21. ROBERT FULTON 


Because of Robert Fulton’s faith in a new idea he dared to brave the 
ridicule of his countrymen, and finally won for them a great triumph by his 
invention of the steamboat, 
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the celebrated American painter, Benjamin West, and his 
portraits were exhibited at the Royal Academy. For four 
years he diligently applied himself as an artist. Then sud- 
denly he decided that he wanted to be an engineer and in- 
ventor. He had made friends of the Duke of Bridgewater 
and the Earl of Stanhope, two scientists who were much 
interested in the waterways of England and, particularly, 
in the possibility of running boats by steam. 

For a time Fulton turned his attention to improving the 
canal system of England. He also found time to make 
many inventions, including a machine for spinning flax, 
a device for twisting hemp rope, and a mechanical shovel 
for excavating canals. Then, forming friendships with 
prominent Americans living in Paris, Fulton went to France. 
There he interested himself in a number of projects, but 
chiefly in the invention of submarine torpedo boats. In this 
he was quite successful, being able to blow up two old sloops 
that were given him for the purpose of trying out his inven- 
tion. He felt sure that such boats would put an end to war 
because it would make war too dangerous. 

The steamboat. For many years Fulton had believed in 
the possibility of a successful steamboat. Others had tried 
and failed, but that did not discourage him. John Fitch and 
John Stevens in America, and William Symington in Eng- 
land had actually built boats that would run. The great 
difficulty was their lack of speed. They could go hardly as 
fast as a horse can walk. Sailboats were better than that. 
In order to induce men to invest money in steamboats, 
some decided advantage in them would have to be shown, 
That was the thing that Fulton determined to do. 

Fulton studied carefully all that others had done and then 
went to work on a model. His wonderful ability to make 


72 THINKERS AND DOERS 


friends brought him a partnership with Robert R. Living- 
ston, a wealthy American who was at that time United States 
minister to France. Livingston supplied the money and 
Fulton built an experimental boat sixty-six feet long and 
eight feet wide. On the very eve of its intended first trial, 
a fierce gale loosed the boat from its moorings and, break- 
ing it in two, sent it to the bottom of the river, 





Fic, 22. FITCH’S STEAMBOAT 


This curious looking craft, propelled by steam-driven oars, was built by 
John Fitch in 1786. It is shown floating on the Delaware River, opposite 
Philadelphia. 


Don’t you suppose you would have wanted to give up 
then? It was a bitter discouragement, but Fulton would 
not stop. He raised the broken parts of the hull and found 
that the machinery had not been damaged. After several 
months of patient work he had another boat ready. In 
August, 1803, in the presence of Livingston and manv 
spectators, Fulton gave a demonstration on the River Seine 
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which convinced everyone of the wonderful possibilities of 
steam navigation. 

“Fulton’s Folly.’ So enthusiastic were Fulton and Liv- 
ingston that they immediately began plans for putting a 
steamboat on the Hudson to run between New York and 
Albany. Fulton went to England and ordered an engine, 
which he had shipped to America. It was not until Decem- 
ber, 1806, that Fulton returned to New York. Twenty 
years had passed since he sailed away. But he had become 
the friend of artists, noblemen, and kings, and his name was 
known on two continents. 

He built a boat one hundred and fifty feet long and 
thirteen feet wide. But the crowds that gathered to watch 
the work jeered him, at what they called ‘“‘Fulton’s Folly,” 
and they even tried to destroy the boat. In order to protect 
it from damage, Fulton was compelled to guard it day and 
night. The owners of sailboats looked upon him as an 
enemy and tried to ram the Clermont at every opportunity. 
Fulton met with the same opposition as Watt. However, the 
ridicule of these idle onlookers did not baffle him. He knew 
that in a short time these very scoffers would be the most 
eager to ride on his boat. And so it proved. 

On Sunday morning, August 9, 1807, Fulton made a short 
trial run, and on a week from the following day he began 
his historic trip up the Hudson. He made the trip from 
New York to Albany, a distance of one hundred and fifty 
miles, in thirty-two hours, and returned in thirty hours. 
Sailing vessels required, on an average, forty-eight hours. 
Here was a decided advantage, from the very start. Ina 
short time he was carrying most of the traffic between these 
points. 

During the following winter Fulton greatly improved 
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the Clermont and renamed it the North River. For many 
years it plied the Hudson. At the time of Fulton’s death 
eight years later, he had built seventeen steamboats, includ- 
ing the first steam ferryboats. 

The steamboat was quickly adopted on the inland waters 
of the United States, particularly on the Ohio and the 
Mississippi rivers. It was a wonderful factor in the early 
development of our country, and it arrived just at the right 
time. Four years after the death of Fulton and during the 
last year of Watt’s life, the Savannah, the first ocean steam- 
ship, crossed the sea. One man wrote a long book to prove 
that this feat would be impossible and it was published just 
in time to be carried to Europe on this maiden trip. 

The iron-horse. No sooner had men harnessed steam to 
turn the wheels of industry and propel the ships upon the 
sea than they began to ask if it would not also be possible 
to use this same power to drive carriages upon the land. 
You know that, when people get such an idea into their 
heads, something is bound to happen. So it proved in this 
case. 

Of course most people scoffed at the idea, just as they had 
done at Watt’s engine and Fulton’s steamboat. But there 
were a few who had faith in steam locomotion. One of these 
was George Stephenson. He remarked to his son one day: 
“T venture to tell you that I think you will live to see the 
day when railways will take the place of all other methods 
of conveyance in this country,—when mail coaches will go 
by railway, and railroads will become the great highways for 
the king and his subjects. The time is coming when it will 
be cheaper for a workman to travel upon a railway than to 
walk on foot.” That was a bold idea for those days, but 
not nearly so bold as the idea of flying nearly a century 
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later, or of talking through space without wires. Still, the 
“impossible” is always happening, and so it did again. 

The first locomotives. An Englishman, named Richard 
Trevithick, built the first locomotive in 1804, just at the 
time Fulton was experimenting with his first steamboat. It 
could haul a load of ten tons at the rate of five or six 
miles an hour. It was a heavy, lumbering machine which 
pounded the rails to pieces and ran off the track so often 
that it had to be abandoned. I suppose you wonder why a 
better locomotive could not have been made even at the 
start. Well, men had to learn. You could not write very 
well when you were in the kindergarten, could you? It was 
just the same in building locomotives. These first locomo- 
tives were just as successful as your first attempts at writing. 

The next man to try his hand was Mr. Blenkinsop, the 
manager of an English coal mine. He wanted a locomotive 
for hauling coal. He did not believe that smooth wheels 
could be made to run on smooth iron rails. So he provided 
toothed wheels and rails. With a light load his locomotive 
made a speed of ten miles an hour, and it could haul a load 
of ninety tons at the rate of three and a half miles an hour. 
It was a real success and did good service for more than 
twenty years. 

Mr. Blackett, another mine operator, built a heavy, cum- 
bersome locomotive which he fitted with smooth wheels and 
named Puffing Billy. Still the day of the real locomotive 
had not yet arrived. 

George Stephenson. In the mining village of Wylam, not 
far from Newcastle, England, George Stephenson was born 
in 1781. I do not believe any of you ever passed your 
childhood in such a wretched home as Stephenson found 
his to be. In a single unplastered room with only a clay 
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Fic. 24. GEORGE STEPHENSON 


When almost everyone else opposed the introduction of the locomotive, 
its inventor had the faith and the courage to say, “The time is coming 
when it will be cheaper for a workman to travel upon a railway than to 
walk on foot.” 


floor and bare rafters overhead, George lived with his father 
and mother and five brothers and sisters, His father was 
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a poor miner and unable to send any of his children to 
school. George made up for this by attending night school 
when he became a man and later by studying with his own 
son Robert when he was in school. 

When he was old enough George was put to work. At 
fifteen he had become a fireman at the mines and wished 
to be an engineer. Every spare moment he studied the 
mine engines and learned all about them. One day the 
engine at a coal mine near Killingworth where George was 
at work refused to go. None of the engineers about there 
could discover the trouble. George walked over to the mine 
one afternoon and gave the engine a thorough examination. 
In response to an inquiry from one of the miners, he told 
the foreman that he could put the engine to work. He was 
told to go ahead, and in three days he had succeeded. This 
gave him considerable reputation and before long he be- 
came a regular engineer at the Killingworth Colliery. By 
1812 he had become the enginewright, whose duty it was 
to keep all the engines and pumping machines in repair. 

Stephenson’s locomotives. As Stephenson traveled about 
from mine to mine, he became interested in the locomotive 
and wanted to build one himself. At length his employers 
gave permission and he set to work. The result was the 
Blucher, built in 1814. But it was not much more economi- 
cal than horse power, and so Stephenson tried again. His 
second locomotive was a real success. It became the model 
for many years to come, 

One of the disagreeable features of the early engines was 
the frightful noise of the escaping steam as it was forced 
from the cylinders. Stephenson turned the steam into the 
smokestack and not only got rid of the noise, but increased 
the draft of the fire as well, and more than doubled the 
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speed and power of the engine. Stephenson then knew that 
he himself would live to see the triumph of the locomotive. 

The first railroad. In 1821 Parliament granted the right 
to Mr. Edward Pease to build a railroad from Stockton 
to Darlington. Stephenson applied for the position as 
engineer to supervise the building of the road and received 





Fic. 25. “BEST FRIEND” 


This was the first locomotive built in the United States for actual service. 
Its trial trip was made on the South Carolina Railroad on January 15, 
1831. A model of this locomotive is now in the Smithsonian Institution, 


it. At first it was planned to use horse power on the level 
stretches with stationary engines to pull the trains up the 
steepest grades. We would not call this much of a railroad 
now, but hardly anyone then thought it possible to use steam 
power alone. Stephenson was almost the only one who fa- 
vored it. At every opportunity he urged the use of his loco- 
motives. At length he induced Mr. Pease to come over to 
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Killingworth and see what his engines could do. The result 
was an order for three locomotives. 

Still nearly everybody fought against the use of steam 
power. People said the smoke would kill the birds and 
vegetation, and injure the health of all who breathed it. 
They thought the sparks would set fire to buildings. Horses 
would no longer be of any use, they believed, and it would 
be dangerous to drive with them along the highways. 
Boilers would be likely to burst at any moment. The high 
speeds would endanger the passengers. In short, most 
people regarded the project as too absurd for serious con- 
sideration, 

At length the day came for the trial. A great crowd had 
assembled. Stephenson drove the locomotive and drew a 
train of thirty-four cars loaded with the directors of the 
road, passengers, and freight. At times he made the un- 
heard-of speed of fifteen miles an hour. It was a great 
success. Stephenson had won another victory for the 
locomotive. 

The Rocket. Still most people were unconvinced. An- 
other demonstration was necessary. After much discussion 
it was decided to build a railroad between the important 
business cities of Liverpool and Manchester. Again 
Stephenson was made the engineer. Even when the road 
was nearly completed, the directors had not decided whether 
or not to use locomotives. At length they determined to 
settle the matter by offering a prize of five hundred page 
for the best locomotive. 

To compete in this contest, Stephenson built the Rocket. 
His son Robert helped him in its construction. In every 
detail he took the utmost pains, and the result was the best 
engine he had ever built. Finally the day of the contest 
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Fic. 26. THE FIRST STEAM TRAIN ON THE CAMDEN AND 
AMBOY RAILROAD 


This historic railroad passed through or near the following New Jersey 
towns: Camden, Burlington, Bordentown, Sandhill, Centerville, Hightstown, 
Spottswood, Herbertsville, and South Amboy. 
came. It was in the autumn of 1829, at Rainhill. It was a 
great event. Thousands of people were on hand to witness 
it. Three other locomotives competed for the prize, but the 
Rocket won a complete victory. With it Stephenson per- 
formed “wonderful feats.” With a load of thirty-six pas- 
sengers he made the amazing speed of thirty miles an hour. 
To-us with our automobiles and flying machines, I know 
that does not seem very wonderful. But it was a great 
achievement for those days. 

The big celebration which marked the opening of the 
Liverpool and Manchester Railroad in 1830 was the last 
act in the victory of the locomotive. People then saw how 
foolish their objections had been. Even those who had 
fought it most bitterly were disappointed if a railroad did 
not come near their property. By carrying passengers and 
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freight the railroads began to earn large profits. So 
popular did railroads soon become that people wondered how 
they had gotten along so many years without them. At last 
the age of steam locomotion had come. 

Are you not grateful for Watt and Fulton and Stephen- 
son? Think of what our lives would be without the inven- 
tions of these great men! We should still be poking around 
with ox carts and stagecoaches. Slow-moving sailboats 
would rule the seas. Men and horses would be compelled 
to do the world’s work. Electric power would probably be 
but a dream. We can well doubt whether a country such 
as ours could have developed without the use of steam power. 

The harnessing of the giant steam has meant much to 
you and me. 


CHAPTER VI 
IN THE DAYS OF SPINNING WHEELS 


Have you not sometimes almost wished that you might 
have lived in the picturesque and romantic days of a cen- 
tury or more ago? What merry times the boys and girls 
must then have had with their sleighing parties, their spell- 
ing matches, their corn roasts, their barn-raisings, and many 
other interesting forms of amusement! As a thirteen-year- 
old lad I lived for a time in a household where the spinning 
wheel still stood by the fireside and the only light in the 
evenings was that from the tallow candles and log fire. As 
I sat by the fireside in the evening the old gentleman for 
whom I worked entertained me with stories of those early 
times. 

How I enjoyed listening to him! He told me of the 
pastimes of those days, of the methods of planting and 
harvesting, of building and spinning and weaving. Every- 
thing was done at home. Their shoes were made directly 
from the hides of their own cattle. They removed the hair 
from the hides, tanned them, and made them into leather. 
Then, in the long winter evenings, the father of the house- 
hold made the shoes and boots for every member of the 
family. 

The clothes they wore, too, came from their own flax and 
wool. In this work the mother and the children had the 
leading part. Their soap was made at home from the lye 
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of wood ashes and the accumulation of scraps of fat. All 
the sugar they had was that made from the sap of the maple 
tree. What glorious days they had in the early spring 
boiling this sap down into syrup and sugar! Surely, many 
of you have been in a sugar bush at this most bewitching 
time of the year. Have you not drunk syrup, and boiled 
eggs in hot sap, and sugared off on snow? If not, you 
have missed some of the “days of real sport.” 

Back in the mountains of Kentucky and Tennessee, 
people live even today in this primitive way. Log cabins 
are common, the spinning wheel is still in vogue, and over 
the open fireplace hangs the rifle, while before it sleeps the 
huntsman’s faithful dog. Very likely those people enjoy 
their simple life as much as we do ours, even with all our 
wonderful improvements. 

The story which I wish to tell you today is that of 
spinning and weaving. These arts go back to the earliest 
times. Just how primitive men found that they could spin 
thread and weave it into a crude sort of cloth, we shall 
never know. Possibly birds’ nests woven from hair and 
fiber gave them the idea. The nests of birds like the Balti- 
more oriole and of many other birds may have supplied 
them with wonderful models to stimulate their imaginations. 
In some way they learned to spin and weave, for early exca- 
vations show that these arts had been mastered even before 
the beginnings of recorded history. 

The distaff and spindle. Before the spinning wheel, came 
the distaff and spindle. Have you never seen the quaint 
picture of a woman sitting by a fireplace busily drawing 
out cotton, wool, or hemp fiber into yarn or thread, even 
without the aid of a spinning wheel? At her left side, 
thrust in a girdle at her waist, she holds in an upright posi- 
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tion a round stick three or four feet long. This is the distaff 
and at its upper end is held a loose supply of cotton, wool, 
or hemp fibers. Drawing out a long sliver of the fibers but 
still leaving them attached to the distaff she twists them by 
hand into a thread, which she fastens in a notch cut in the 
upper end of a spindle. The spindle is a round piece of 
wood about twelve inches long and tapering at both ends. 
Then with her left hand the spinner holds the loose roll of 
fibers, while with her right she keeps the spindle whirling 
and at the same time draws out the fibers into a thread of 
the proper size and firmness. 

In this way yarn was made to be knit into socks and 
stockings, or thread to be woven into cloth. Just think what 
it would mean if all the material for the fabrics and knit 
goods which we use today had to be prepared in this 
laborious way! But, when no better way was known, people 
were content and happy. The spinner may have grown 
weary of the toil, but she sang as she worked. She knew 
that the clothing of her household depended upon her in- 
dustry. Still, the spinning was only the beginning, for after 
that came the knitting and weaving, and then the making 
of clothes—all by hand. No one had even dreamed of a 
sewing machine in that early day. 

The spinning wheel. What joy must have filled the heart 
of the mother when someone devised the spinning wheel! 
How it lightened her labor! You have all seen it, or at 
least pictures of it. I have one in my attic which belonged 
to my grandmother, and I have heard my father tell of 
helping to card the wool to be spun with it. Even the chil- 
dren had to help in the process. After the wool had been 
cleaned, the fibers had to be straightened out so they would 
all lie in one direction. This was called carding. It was 
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done with nail brushes, much like wire hair brushes. We 
have machines for doing this now, but the principle is the 
same. 

The fiber came from the carding in long fleecy rolls, 
called “rovings,” which were wound on bobbins and then 
spun and twisted by the spinning wheel into yarn and 
thread. Instead of whirling the spindle by hand, it was 
now turned much more rapidly and evenly by means of a 
belt passing over a large wheel. But, just as before, the 
spinner held the roving in her hand and as she walked back 
and forth beside the spinning wheel drew it out into twisted 
yarn or thread. 

It was not so long ago that spinning wheels were still in 
use. Ask your grandmother to tell you about them. 

The spinning jenny. But the spinning wheel could spin 
only one thread at a time. Rather slow, we should call this 
now. Yet the spinners were able by working rapidly to keep 
up with the weavers, for all the cloth was woven in hand 
looms. 

One day, about 1767, a happy accident befell the 
household of James Hargreaves, an English spinner living 
near Blackburn, England. His wife’s spinning wheel in 
some way became overturned, and Hargreaves noticed that 
the spindle, which was then in an upright position, still con- 
tinued to turn. In that moment there was born in his brain 
the idea of a machine that would spin a large number of 
threads at the same time. He saw that a number of spindles 
could be placed side by side in a vertical position and that 
if some way could be devised for drawing out the rovings at 
the same time that they were being twisted, a single worker 
could spin as rapidly as many pairs of hands had been able 
to do before. 
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This was just what Hargreaves did. He invented the 
spinning jenny, named “jenny” after his wife. In a short 
time he was spinning thirty threads at once. Think of it, 
here was an invention which enabled one person to do as 
much as thirty had done before! Boys and girls, too, could 
run this machine, and even better than grown people. 

We should now regard Hargreaves as a genius and a 
friend of his fellow workers. But in those days people 
looked upon an inventor as an enemy. MHargreaves was 
compelled to keep his invention a secret. Yet, in spite of 
all his efforts, the story of his discovery leaked out, and a 
mob broke into his house and destroyed all his jennies. 
They could only see that this invention would lessen the 
number of spinners required and take work from them. 
They could not understand that in the end labor-saving ma- 
chines increase the number of workers and bring better 
wages. 

Hargreaves was compelled to flee for his life. At Not- 
tingham, however, he found a partner and set up the first 
spinning-mill in England. Manufacturers, quick to see the 
merit of his invention, stole his patent and Hargreaves died 
without having received the reward that should have been 
his. 

Another spinning problem. Of course the spinning jenny 
was a wonderful triumph over the spinning wheel, just as 
the spinning wheel had been over the primitive distaff and 
spindle. It still had one serious fault. It could not spin 
threads strong enough for the “warp.” 

Now I must tell you what is meant by “warp” and “weft” 
threads. In weaving, one set of threads runs lengthwise of 
the loom and is called the warp. Another set of threads runs 
crosswise and is called the weft, or woof. The warp threads 
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must be stronger than the weft, but Hargreaves could not 
make his jennies spin them. It was a great gain, to be sure, 
to be able to spin weft so rapidly. Still this was only half 
a victory, for the warp had to be spun by the old laborious 
method, a single thread at a time. Or linen had to be used 
for the warp instead of cotton, which made the cloth more 
expensive. 

Sir Richard Arkwright. But the man was already at 
hand to take the next step and perfect a machine that 
could spin both warp and weft. This man was Richard 
Arkwright, the youngest in a family of thirteen children. 
When a lad his parents had been too poor to give him an 
education, but when he was more than fifty years old, and 
had become a prosperous and distinguished citizen, he took 
two hours a day to study grammar, writing, and spelling. 

As a lad, Arkwright had been apprenticed to a barber and 
became one of the best barbers in the kingdom. But, as 
you know, the people of those days wore wigs, and in time 
Arkwright found it more profitable to make and sell wigs. 
A secret discovery which he had made in the art of dyeing 
hair added to his profits. 

In his travels about the country, buying and selling hair, 
Arkwright gradually learned all about spinning and weav- 
ing, as they were carried on at that time. It seemed to him 
that there should be a machine that could spin both warp 
and weft. He determined to invent one. So interested did 
he become in this work of invention that he neglected his 
business, and his family often were in want. It is even said 
that his wife, angry with him for this treatment, broke the 
models of his new machines. 

Arkwright, however, was not to be discouraged. In 1769, 
he patented a machine that could spin all kinds of fiber and 
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make any of them strong enough for the warp. This ma- 
chine was often called the “water frame,’ because it was 
run by water power. Across the top was a row of bobbins 
on which the loose rovings were wound. One pair of rollers 
caught the ends of these rovings and unwound them from 
the bobbins. Another set of rollers, running faster than the 
first, drew the rovings out into small slivers, and the rapidly 
whirling spindles twisted them into thread. Finally the 
thread was wound on bobbins for the weaver. 

Arkwright went on making improvement after improve- 
ment until he had a machine which was the same in prin- 
ciple as the complicated spinning machinery of the present 
day. Yet the people were opposed to his invention, just as 
they had been to that of Hargreaves. One of his factories 
was burned by a mob of angry spinners in plain view of 
the police who sympathized with them. 

You will be glad to know that Arkwright finally won 
favor, and grew to be a wealthy and respected man. Even 
the spinners came to regard him as their benefactor. In his 
later years he was made a knight. 

A still better spinning machine. The beautiful spinning 
machines of the present day are patterned after an inven- 
tion made in 1779 by Samuel Crompton, another English 
spinner. From a lad up, Crompton had been compelled 
to assist his widowed mother in the work of spinning and 
weaving. Working as he did day after day at the spinning 
jenny, set him to wondering if it might not be possible to 
invent a still better machine. Then, too, he knew that 
neither the jenny nor the water frame would spin threads 
fine enough for the delicate muslins. These all came from 
India. That bothered him. Surely, he thought, England 
ought to do as well in the art of spinning and weaving as 
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far-off India. He would invent a machine that would make 
this possible. So he set to work. 

For five years he puzzled away at the problem. It often 
baffled him, but he would not give up. The only spare time 
he could give to it was after his day’s work was done. At all 
hours of the night, the curious neighbors spied lights in his 
workroom, and they soon became suspicious. Some even 
thought the house was haunted. Fearing that these enemies 
of the new spinning machinery would break into his house 
and destroy his model, he took it apart and hid it in the 
walls of his shop. For weeks he did not dare put it to- 
gether, even to see what it would do. Then one day he 
brought it out and, to his delight, found that it would spin 
thread finer than any that had ever before been spun in 
England. The thread which he obtained was fine enough for 
the most delicate muslins. Instead of only seventy thou- 
sand yards of thread from a pound of cotton, Crompton was 
able to spin three hundred thousand. 

He wished to keep his invention a secret and use it only 
for his own work. This his neighbors would not permit. 
They had learned that he was putting upon the market yarn 
and thread of a finer quality than others could make. 
Surely he must have some new machine and they were de- 
termined to know what it was. With their constant spying, 
he was almost driven mad. People invaded his workroom 
and climbed up and peeped in at the windows. Never would 
they leave him in peace. 

At length, in despair, Crompton reached the conclusion 
that he must either give his secret to the public or destroy 
his machine. A number of greedy manufacturers finally 
persuaded him to let them have his machine to use as a 
model in making others. They promised to reward him, but 
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all he received was about three hundred dollars. Later, 
Parliament voted him five thousand pounds, or twenty-five 
thousand dollars, in recognition of the great benefits of his 
invention to the wealth and industry of the kingdom. 

Crompton’s machine was called the “spinning mule,” be- 
cause it was a combination of the jenny and the water 
frame. He used Hargreaves’ spindles and Arkwright’s 
rollers. But he devised a spindle carrier which slowly moved 
away from the rollers and drew out the rovines to any de- 
gree of fineness. Although Crompton’s mule had only 
about thirty spindles and was operated by hand, the modern 
machines carry as many as a thousand spindles and are 
entirely automatic. They are run either by steam or electric 
power and work at amazing speeds. Warp and weft of 
any quality are spun in them, the world over, for the millions 
and millions of yards of cloth that are required for clothes 
and garments and furnishings of every sort. 

Weaving. Today I visited a school for the blind, and 
there I saw some old-fashioned looms in which these blind 
people were weaving wonderful fabrics. I have also stood 
beside the looms of the Navajo Indians in Albuquerque, 
New Mexico, and watched these master artists weave those 
beautiful rugs which are the admiration of people every- 
where. Weaving is as old as spinning itself, for there never 
was any need to spin thread and yarn, if they were not to 
be woven into fabrics of some sort. Who invented the 
loom, nobody knows. It is older than any records which 
have come down to us. It was at first a very crude 
affair, no doubt. Even the hand looms of today are very 
simple, 

If you have never seen a loom, it will pay you to “dis- 
cover” one somewhere and learn how it works. Very often 
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in the country you will find some housewife who still weaves 
rag carpets in an old-fashioned hand loom. 

In such a loom as that shown in Fig. 28, you will notice 
that the warp is wound on a wooden roller at one end of the ° 
frame. These warp threads run lengthwise of the loom and 
pass through sets of “harnesses,” as they are called, at the 
opposite end. A harness consists of two cross sticks, one 
































Fic. 28. A HAND LOOM 


With such a loom as this your great-grandmothers wove linen, woolen 
or other cloth which they later made into garments for the members of the 


household. 


above the other, having between them in a vertical position 
many pairs of small cords. Toward the middle of each pair 
of cords, about an inch and a half apart, are two knots. In 
the simplest weaving, the warp threads are divided into two 
sets. Every other thread passes between the two knots in 
a pair of cords of one harness. Its mate passes between the 
knots in a pair of cords of the other harness. Their ends 
are fastened to a roller crosswise of the frame and upon 
which the finished cloth will be wound. By means of 
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treadles the two harnesses may be moved up or down and 
the two sets of warp threads separated from each other. 
The weaver, sitting at the treadle end of the loom, raises 
one harness and lowers the other, thus making a space of 
two or three inches between the two sets of warp. As she 
does this, she passes the shuttle carrying the weft thread 
between the separated warp threads from one side of the 
loom to the other. Then she reverses the positions of the 
harnesses and passes the shuttle back to the opposite side. 
Do you not see that in this way the weft threads are made 
to pass first over and then under the warp threads, weaving 
the two into a fabric? Even in the most complicated weay- 
ing machines of today, the method is the same. 

Often a loom carries several sets of harnesses, and through 
each pass warp threads of a different color. Then, by 
using shuttles carrying weft of various colors, checkered 
patterns may be woven as easily as plain colors. 

The first improvement in weaving. In the early days of 
simple hand weaving, the spinners were always producing 
thread faster than the weavers could use it. In the slow, 
tedious methods of those times it required two men at each 
loom to handle the shuttle. One man standing at one side 
of the loom threw the shuttle across the warp threads, while 
the other caught it and threw it back. This may seem to 
you almost like playing ball, but it was not fun keeping at 
this game for twelve or more hours at a time. 

In 1738 John Kay invented the flying shuttle. This de- 
vice enabled a weaver to operate a loom single handed. A 
spring threw the shuttle across the warp to the opposite 
side, where it was caught mechanically and thrown back, 
being caught there again and the operation repeated. This 
was a tremendous gain for the weavers, It did for weaving 
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what Hargreaves’ spinning jenny at a later time did for 
spinning. In a short time, it was to more than double the 
output of the weavers and enable them to keep well ahead 
of the spinners. Still, these ignorant men rose against Kay 
and smashed his looms. Just as they had many times before 
and since declared, they thought this device would rob 
them of employment and wages. But how do you think the 
race would be clothed today, if we had to depend on the 
unimproved hand loom for our cloth? 

The power loom. No industry ever stands still. Someone 
is always making improvements. New methods are con- 
stantly being adopted. Even in school the ways of studying 
and teaching gradually change. Very often these changes 
are the result of necessity. So it was with weaving. The 
inventions of Hargreaves, Arkwright, and Crompton enabled 
the spinners to produce warp and weft much faster than 
the weavers could manufacture them into cloth. Some other 
invention was needed, or many spinners would be thrown 
out of work. 

At length it seemed as though both sets of workers would 
welcome such an invention. The new ways of spinning had 
driven them to see the need of it. But who was to make a 
better loom, one that should weave rapidly enough to keep 
pace with the spinners? A number of attempts had been 
made but none had been successful. 

The man who finally did succeed in this was Dr. Edmund 
Cartwright, an English preacher, who had had no experience 
with either spinning or weaving, and who had never seen 
a loom in operation. 

One day Cartwright heard some of his fellow townsmen 
talking about the hard lot of the English weavers. “They 
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will have to work harder than ever to keep up with the 
increased output of the spinning mills,” said one. 

“But cannot some machine be devised for weaving, as 
Arkwright’s has met the problem of spinning?” asked 
Cartwright. 

“No, that is a different matter,” his friend replied. “It 
is clearly impossible. You cannot make a mechanical de- 
vice to take the place of the deft hands of the weaver.” 

Edmund Cartwright, however, was a man who delighted 
in doing the “impossible.”” He had seen in operation a ma- 
chine which was able to make all of the complicated moves 
in playing the game of chess. Surely, he thought, it should 
be an easy matter to invent a machine capable of making 
the three simple movements required in weaving. 

Immediately he set to work. So rapidly did his ideas 
take shape that in a few weeks he had a power machine that 
would actually weave cloth without the attention of an 
operator. It was a very crude affair, but up to this time 
Cartwright had never troubled himself to see the process of 
weaving itself. 

Then he went into the shops and was astonished at what 
he saw. With the new ideas obtained from direct observa- 
tion, Cartwright built, in 1787, an automatic, steam-driven 
loom, which contained practically all of the devices em- 
ployed in the most perfect of modern looms. So rapidly 
did it work that no longer would there be any difficulty 
about keeping ahead of the spinners. 

Still the weavers were angry. They had not wanted a 
machine that would take their places. ‘His ‘men of iron’ 
will starve out workers of flesh and blood,” they cried. 
Cartwright had built a factory at Manchester in which he 
had installed four hundred looms. One night a lawless mob 
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burned it to the ground, and with it swept away the entire 
fortune of the man who had sought to lift their burdens and 
make life easier for them. 

But in spite of the hostile attitude of the spinners and 
weavers, these machines of the textile inventors won the 
day. Im time the workers themselves came to see how 
foolish their opposition had been. The big mills which soon 
began to fill the island kingdom demanded more workers 
and at better wages than ever before. Fabrics, clothes, and 
goods of all sorts became more plentiful and cheaper. 
People slowly learned their lesson, and grew to understand 
that labor-saving machinery is a boon to the workman and 
not a curse. 

Providing the raw material. With all the machinery 
possible for spinning and weaving, there must be an abun- 
dance of raw material for producing warp and weft, or the 
mills will be forced into idleness. ‘There must be great 
flocks of sheep, large fields of flax, and a plentiful supply 
of cotton. Cotton was the fiber most in demand just at the 
time Cartwright perfected his power loom. There was one 
serious obstacle, however, to the production of this impor- 
tant textile fiber. While large crops of cotton could be 
easily grown in the Southern States of this country, there 
was no quick and easy way of separating the seeds from the 
lint. To pick the seeds from a single pound of finished 
cotton was a long and tedious day’s work for the most skill- 
ful negro. 

Cotton could not be supplied to the English mills rapidly 
enough. Something must be done. The invention of the 
cotton gin by a young American, named Eli Whitney, was, 
however, largely an accident. You will be interested in the 


story. 
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Whitney and his magic invention. Eli Whitney was a 
New England boy, born at Westboro, Massachusetts, in 











Fic. 29. ELI WHITNEY 


_The cotton gin multiplied the wealth of the South many fold, although it 
did not bring a fortune to its inventor. 


1765. He lived on a farm, but his whole bent was toward 
the use of tools. He spent many hours in his father’s shop 
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working at the bench and lathe. One product of his boyish 
skill was a violin of excellent workmanship and quality. So 
skillful was he, and so much did he learn about this instru- 
ment, that violins were often brought to him for repair. 

I know you will be interested in one of his youthful 
exploits. His father had a costly watch, and it was young 
Whitney’s ambition to look inside of it and examine the 
works. He always wanted to take things apart and see how 
they were made. One Sunday morning, his father went to 
church leaving both Eli and the wonderful watch at home. 
The temptation was too strong to resist, and the young 
mechanic went to work. Deftly he took it apart, to the last 
wheel. But, what is more remarkable, he put the parts 
together again and did it so well that his father never dis- 
covered what had been done. Fearing punishment, it was 
not until years afterward that Eli dared to tell him the 
story of that Sunday morning’s experiment. 

During the Revolutionary War, Whitney set up a nail 
factory and supplied nails to everyone for many miles 
around. He was a blacksmith and an all-around mechanic. 
It seemed as though he could do almost anything with tools. 
He repaired broken knives, did carpenter work, made walk- 
ing sticks and ladies’ hat-pins, and turned his hand to many 
other tasks. 

When his father wanted to send him to school and college, 
Eli did not want to go. At nineteen, however, he saw the 
mistake he had made and decided to prepare for Yale. To 
earn money he taught school during the winter months, and 
continued his work as a mechanic. Not until he was twenty- 
three was he able to enter the freshman class. Often during 
his college course he turned his mechanical ability to account 
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by making repairs in the apparatus used in the scientific 
work of the college. 

Whitney goes South. In three years Whitney was gradu- 
ated from college and had decided to study law. To earn 
money while studying, he sought a position as tutor in the 
family of a southern planter. But his trip south was de- 
layed by an attack of smallpox, and he arrived too late to 
secure the position. Fortunately for him, on shipboard he 
had become acquainted with Mrs. Nathaniel Greene, the 
widow of the famous Revolutionary general. Later upon 
learning of his difficulty, this generous-hearted woman very 
cordially invited Whitney to make his home with her on her 
estate at Mulberry Park, Georgia. Gladly he accepted, and 
in a short time with his mechanical skill in mending their 
broken toys, he had made himself the firm friend of Mrs. 
Greene’s children. One evening Mrs. Greene chanced to 
break the tambour-frame upon which she was embroidering. 
Whitney offered to repair it. The next day, much to the 
delight of his hostess, he brought to her a new frame of his 
devising better than any she had ever before used. Mrs. 
Greene was quick to see that she was entertaining an inven- 
tive genius of unusual ability. 

The idea of a cotton gin. Early in 1793, some planters, 
former comrades of General Greene, were visiting at the 
Greene estate. The conversation turned to the growing of 
cotton and the difficulty of removing the seed from the fiber. 
All agreed that, if this could be quickly and easily done, the 
growing of cotton would become the leading industry of the 
South. Finally, Mrs. Greene interrupted to say, ‘‘Gentle- 
men, ask Mr. Whitney to make you a machine. He can 
make anything.” 

Whitney was called in, and the need of a machine was 
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explained to him. At that time he had never even seen 
cotton. Reluctant as he was to leave the study of law, he 
decided to try his hand at inventing a machine for separat- 





Fic. 30. THE COTTON GIN 


With this simple machine, invented during Washington’s administration, 
Eli Whitney caused the growing of cotton to become the great industry 
of the South and the foundation of its wealth. 
ing the cotton seed. The next day he went to Savannah and 
obtained a supply of cotton. Mrs. Greene gave him a room 
for a shop, and he went to work. 

The difficulties to be overcome were great. Many of 
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his tools he himself had to make. The wire with which he 
wished to make steel fingers to take the place of those of 
flesh and blood, proved to be too large and he had to draw 
it out by hand.. But he kept at work, and at length had 
a gin ready to operate. The cotton was placed in a hopper, 
across one side of which was an iron grating having narrow 
slits between the bars. Attached to a rotating cylinder were 
sets of wire teeth, which worked between the narrow slits, 
in the iron grating. These teeth seized the cotton fiber 
and drew it through the slits, but the seeds, being too big, 
were pulled off and allowed to drop into a trough. Another 
difficulty then appeared. The teeth very quickly became 
clogged with lint, and the gin had to be stopped to remove it. 

One morning Mrs. Greene happened into Whitney’s shop 
and saw him at work cleaning off the lint from the teeth. 
“Why don’t you do it this way?” she said, and began to 
brush off the cotton with her hearth brush. 

At once, Whitney saw the solution of his problem. He 
added to his machine a revolving brush, set just back of the 
toothed cylinder and turning in the opposite direction to 
the teeth. 

The gin was now complete and it worked to perfection. 
A single negro could clean one hundred pounds of cotton 
in a day, and, when steam power was added, the output 
became enormous. No longer was there any lack of cotton 
fiber for the spinners and weavers. Cotton became, as was 
predicted, the leading crop of the South. 

Whitney, however, was not allowed to enjoy the rewards 
of his invention. This time a mob broke into his shop, 
not to destroy his machine, but to steal it so that others 
might be made from it without having to pay the inventor 
for the privilege of doing so. Whitney returned North, 
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where he made a new model and obtained a patent. His 
factory was later burned, and, after a long legal fight for 
his rights, he decided to sell his patent to the cotton states. 
A number of them united to pay him ninety thousand 
dollars, but this little more than covered his legal fees. 
Still Whitney had the satisfaction of knowing that his in- 
vention brought enormous wealth to his country and was 
the chief means of making “King Cotton” the ruler of the 
South. 

A long way we have traveled, from the distaff and spindle 
and the early weaving machinery to the vast textile industry 
of today. 


CHAPTER Vil 
A FRIEND OF FREEDOM 


Tue other day I stood in the press room of one of the 
large New York newspapers and watched the giant presses 
as they swiftly, almost magically, turned the huge rolls of 
white paper into news sheets printed, cut, folded, counted, 
and delivered at the rate of three hundred and sixty thou- 
sand 24-page papers per hour. 

Do you know that this means six thousand papers per 
minute, one hundred at every tick of the clock? Surely 
here is a feat beyond anything that was ever accomplished 
by the magic of Aladdin’s lamp. How can it be done? How 
can these massive machines with their arms of steel and 
rapidly moving cylinders consume broad belts of paper at 
the rate of one hundred miles an hour, more than a mile a 
minute, and convert them into finished newspapers, correct 
to the last period and comma? 

The appetite of these presses for white paper seems 
almost unbelievable. To print the three hundred and 
seventy-five thousand copies of a single daily issue, one large 
New York daily uses one hundred and five tons of paper, 
and for the six hundred thousand copies of its Sunday issue, 
seven hundred and eighty-seven tons. Just think of how 
much paper this means for all of the newspapers in New 
York City, to say nothing of the vast requirements for 


magazines, books, and other printed matter. When we stop 
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to think that all of this paper must be manufactured from 
the wood of our rapidly disappearing forests, no wonder 
that men become alarmed about our future supply. That, 
however, is another story. What I want to tell you, today, 
is the story of printing and the printing press. 
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Fic. 31. PRESS ROOM OF A LARGE NEW YORK DAILY 


Each of these marvelous presses prints, cuts, folds, counts, and delivers 
ready for distribution thirty thousand copies of a 36-page paper per hour. 


Why have I chosen “A Friend of Freedom” for the title 
of this chapter? Because printing has done more to estab- 
lish religious and political liberty throughout the world than 
any other single invention. Without printing, the preserva- 
tion of the ideas of the past would have been very difficult, 
there would be little literature, and we should still be living 
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as people did centuries ago. Just think of what it would 
mean to you if there were no books or papers! 

Early books. Even before printing was invented there 
were some books in existence, but it had been a long and 
tedious task to make them. Parchment, made from the 
skin of sheep and goats, and vellum from the skin of young 
lambs and kids were the materials upon which they were 
written. A book was written as a manuscript and then 
copied by scribes, usually by the monks who lived in the 
monasteries. It took a year at the shortest to copy a book 
like the Bible. I am afraid, if it took that long now, you 
would not have many books for Christmas presents. 

Even after the book was copied by the scribe, the work 
was not complete, for it had to be illustrated, and this was 
a long and painstaking task. Beautiful pictures of foliage, 
flowers, animals, birds, and angels were drawn in colors 
upon the margins of the pages. When the illustrator’s work 
was done, the book went to the binder. Many of the 
bindings were plain, but some were highly ornamented with 
jewels, silver, ivory, or gold. You can readily see that such 
books were very expensive and only the rich could have 
them. An ordinary Bible in those days often cost two 
hundred dollars, and this sum meant much more then than 
it does now. 

There were other books which did not cost as much. 
They were known as block books, for they were printed 
from wooden blocks. First a piece of wood about two inches 
thick and of the same size as the page of the book was 
polished smooth on one side. Then there was drawn on this 
polished surface the picture or printed words which were to 
appear on that page of the book. Next, a skillful work- 
man very carefully cut away the surrounding parts of the 
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wood, leaving the figure or words upraised. Each page of 
the book was made in this way. Finally, when all was 
ready, ink was spread on the carved block and an impres- 
sion was made by pressing against it a sheet of paper. 
When enough blocks had been made for a book, the printed 
pages were bound together. Although these books did 
not cost so much, it took a long time to carve the blocks and 
only small books were made in this way. This method had 
one great advantage. When the blocks were once made, 
a large number of books could be printed from them. 

I suppose those people thought this a wonderful in- 
vention. It surely was a great advance over the cave man’s 
way of making figures on the walls of caverns and crude 
characters on bits of bark. Still, there was to be a better 
way. Let us see how and when and where this came about. 

John Gutenberg. No doubt you have heard before now 
of John Gutenberg, the German polisher of precious stones 
and mirrors, who invented movable type and the first of 
modern printing presses. He was born of noble parents 
in the city of Mainz, near Frankfort on the Rhine, about 
the year 1400. During his youth he had learned the trade 
of jeweler, and when he had reached middle age he found 
himself settled in a profitable business at Strassburg. 

One evening, sitting with his wife before the hearth fire 
of their home, Gutenberg fell to musing over the’ way in 
which a playing card which he held in his hand had been 
printed. 

“Prithee, John, what marvel dost thou find in that card? 
One would think it the face of a saint, so closely dost thou 
regard it.” Thus spoke his wife. 

“Nay, but didst thou ever consider in what way this is 
made?” 
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“T suppose it was drawn in outline, and then painted, like 
other pictures.” 

“But there is a more excellent way,” replied Gutenberg. 
“These lines were first marked on a wooden block, and 
then the wood was cut away, so that they were left raised. 
This portion was then smeared with ink and pressed on the 
paper.” 

Although Gutenberg had never before given any thought 
to the art of printing, he began to wonder if some quicker 
and cheaper way of printing books could not be invented. 
From that moment this idea drove all others from his mind, 
even to the neglect of his regular business. Above all else 
he wished to print the Bible and make it possible for all 
classes of people, the poor as well as the rich, to buy it. 

But how was this to be done? 

The work of invention. An expert carver, Gutenberg 
busied himself for weeks in cutting on blocks of wood fig- 
ures similar to those from which other books were printed. 
Then one day there came to him the idea of making movable 
type. That is, he would carve a different type for each 
letter of the alphabet. Then by making a large number of 
type he could easily arrange these into words and use the 
same type over and over many times. This was the idea 
from which grew the printing press. A very simple one, 
it seems now; but there were many months and years of 
success and failure ahead of the Strassburg jeweler before 
his task was complete. 

First, Gutenberg tried many kinds of wood before he 
round that apple tree wood was best for his purpose. To 
carve a letter on the end of a small slender stick was a 
difficult undertaking; and to make all of the sticks, repre- 
senting the different letters, of the same size was still more 
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difficult. He succeeded in making excellent type only to 
find that the ink so softened the wood that it was soon use- 
less. Something else must be used, but what should it be? 
Metal seemed the only answer. 

Clearly, the metal used must be one that he could cut 
readily. Lead seemed to be the only one possible; and so he 
tried it. He could carve the type beautifully from it; but 
the pressure necessary to produce an impression on paper 
flattened the letters and left them useless. Gutenberg, how- 
ever, would not give up. Surely there must be some solution 
to his problem. He concluded that if lead were too soft he 
must have a harder metal. 

Gutenberg invents type metal. After trying unsuccess- 
fully a number of metals including iron, Gutenberg began 
to make alloys, that is mixtures of metal melted together. 
For weeks he experimented with different mixtures of 
metals, only to be disappointed in the results. I imagine 
that some of us would have given up and turned back to the 
profitable work of polishing and selling precious stones. 
Gutenberg knew that there must be some way out of his 
difficulty, and so he kept on. One day he melted together 
a mixture of lead, tin, and antimony. At length he had a 
metal that would serve his purpose. It was. a great dis- 
covery, for printing would have been impossible without it. 
This same alloy, known as type metal, is used even to this 
day in the making of type and in every print shop in the 
world. 

Gutenberg had also discovered in his experimenting that 
his type must be cast in molds from molten metal and not 
carved, as he had originally intended. So, after many more 
months of patient work, he invented the tools with which 
type are molded, tools almost identical with those used at 
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the present time. It was then possible for Gutenberg to 
cast hundreds of type in a day, and he soon had enough for 
his purpose. 

The first printing press. Gutenberg’s next task was to 
construct forms, called “chases,” in which the type might 
be held together in pages during the printing. When he 
came to ink his type and take off impressions, he found that 
considerable pressure was required to obtain good results. 
At once he saw the necessity for a machine that would press 
the paper firmly and evenly upon the type. This idea led 
to the invention of the printing press. Do you not see how 
in the work of invention one step always leads to another? 
Inventions grow out of our past experiences and our present 
needs. 

To build a press was a very simple matter for Gutenberg. 
Two upright wooden posts secured to a strong base and 
fastened together at the top with a heavy crossbeam, 
formed the framework. Through the crossbeam he passed 
a large screw at the lower end of which hung a block of 
wood. This block of wood, smooth on the under side and 
rather heavy, is called the plate. Beneath the plate he built 
a strong platform to hold the printing frames, or chases, in 
which the type were locked. Upon the freshly inked type, 
Gutenberg laid a piece of paper, spread a cloth over it to 
remove inequalities and screwed down the plate by means of 
a lever. The first impressions were not very good, because 
the ink gathered in drops and blotted the paper. Here was 
another difficulty which must be overcome. Gutenberg, 
nevertheless, was not to be baffled. In a short time he pre- 
pared an ink from linseed oil and lampblack which was 
ideal for his purpose, and which with improvements has been 
developed into the printer’s ink used today, 





Fic. 32. GUTENBERG 


It was a great day for the progress of learning when John Gutenberg 
invented movable type for each of the letters of the alphabet. 


Ill 
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At length Gutenberg had triumphed. He had invented 
movable type, type metal, chases, type casting tools, the 
first printing press, and printer’s ink. This seems like a 
great deal for one man to do, and so it was, but Gutenberg 
had only begun. These were only the tools with which he 
hoped to accomplish his great purpose of printing the Bible 
and distributing it to the poor. 

Dark years and final victory. During these years Guten- 
berg had taken into his service as apprentices two young 
men. The death of one, and a quarrel with the dead man’s 
brother and the other apprentice, cast suspicions upon 
Gutenberg and his secret enterprise. Those were days of 
ignorance and superstition, and people easily became 
alarmed. So unfriendly did they become toward the Strass- 
burg printer that he did not dare to go on. Besides, his 
funds were exhausted, and he found it necessary to return 
to his work as a jeweler. 

However, Gutenberg would not give up his idea. He 
returned to his native city of Mainz and opened a print 
shop. One day there came to him a wealthy citizen of 
Mainz named Fust. He had become much interested in 
the new printing press, and proposed to Gutenberg a part- 
nership for the purpose of printing the Bible. This was just 
what Gutenberg had so long wished to do. 

Joyfully he went to work to print the Bible in Latin. It 
was a great undertaking. When finished, it covered twelve 
hundred and eighty-two pages and had taken nearly five 
years in the making. It brought the price of the Bible 
down to four dollars, and in a short time to a much lower 
figure. It was this bringing of the Bible to the masses 
which brought about the rapid growth of religious and 
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political liberty. As I have already said, the printing press 
was the first great friend of freedom. 

Misfortune seemed to follow the footsteps of the Strass- 
burg inventor. Fust, greedy for gain, next sued Guten- 
berg and stripped him of his printing press, his type, his 
tools, and all he possessed. Fust had advanced the money 
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Fic. 33. NEWSPAPER PRESS 


This is the kind of press used nearly one hundred years ago. It was 
thought to be a wonderful machine then, but now it is only an interesting 
relic. 


to print the Bible and Gutenberg was unable to repay him. 

Yet, in recognition of his great services to the church, 
the Archbishop of Mainz pensioned Gutenberg for life, and 
made him a gentleman of his court. There he died in 1468. 

Improvements in the printing press. Although many im- 
provements were made in Gutenberg’s simple printing press, 
the principle remained the same until the last century. In 
1829 the Washington hand press, said to be the best hand 
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press ever made, was able to print two hundred and fifty 
small papers on one side in an hour. Then came the revolv- 
ing cylinder press which printed one thousand an hour, fol- 
lowed in 1847 by the Hoe “Lightning” press and later in 
the century by the huge rotary presses of the present day. 
One of the large quadruple presses used by a large New 
York newspaper prints, cuts, folds, counts, and delivers 
thirty thousand copies of a 36-page paper per hour. 

The revolving cylinders of these huge presses carry the 
type, and work like the rolls of an ordinary clothes wringer. 
One of the cylinders in each set carries the type and the 
other presses the swiftly moving ribbon of paper against its 
inked surface, making the impression and printing the paper 
on one side. Immediately following is another set of 
cylinders which print the paper on the other side. 

If you were to visit a pressroom and see one of these 
huge presses, you would find that the type on the cylinders is 
not movable. Instead, it is in solid pieces of metal, curved 
to fit the cylinder. Such plates are called stereotypes. In 
making them the type is first set in the usual way. Then 
the plate is covered with a soft substance, like soaked-up 
paper, which makes an exact mold of the type. When the 
mold has dried by baking in an oven, molten metal is poured 
into it, and hardens to form the stereotype. These plates 
are then curved to fit the cylinders and clamped in place. 
The type in these plates is harder than ordinary type metal 
and can be used to print many thousands of newspapers. 

Setting the type. The setting of type used to be done en- 
tirely by hand, and it is today, in small printshops. With 
the coming of the big city dailies and the large increase in 
the numbers of books and magazines, that method became 
too slow and the need for a more rapid way was clearly 
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seen. Again necessity compelled a new invention. This led 
to the invention of two kinds of typesetting machines. 

The making of a book. Did you ever stop to think about 
how a book gets into print? Just now I am writing this 
book for you. I am writing it on the typewriter. When the 
manuscript or “copy” is finished, I shall take it to my 
publisher, who will have it set in type, by means of a type- 
setting machine. The type will then be put into long forms, 
known as “galleys,” and what is called the galley proof, 
that is, the first sheets of printed matter, will be taken, or 
“run off,” from these and sent to me for correction. On 
the margins of these proof sheets, I shall make any changes 
in spelling, punctuation, or arrangement that may be neces- 
sary. Then the proof will be returned to the publisher who, 
after correcting the galleys to correspond with my changes 
marked on the proof, will make the galleys into page form 
including also the illustrations, just as they appear in this 
book. Page proof will then be sent to me for any additional 
correction that may be necessary. This work must be done 
very carefully, for no further changes can then be made 
without a great expense in time, labor, and money. 

The book is then put into permanent form. To do this 
a wax impression is made of every page. The inside of this 
impression is covered with powdered graphite and hung at 
the negative pole of an electroplating bath containing a solu- 
tion of copper sulfate, or blue vitriol. Maybe you have 
done some electroplating yourself. Most home laboratory 
workers have. If you have, you know that in a few hours 
a fine, even layer of copper will be deposited in the depres- 
sions of this wax form. When this layer is thick enough, 
the form is removed and the thin layer of metal is stripped 
from the wax. We now have the words of the book in raised 
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letters. The copper plate is then placed in a form and the 
back of it is covered with a thin layer of molten metal. When 
this has hardened, the edges are trimmed and the back is 
planed down smooth. Every page of the book is prepared 
in this way, and then any number of copies desired may be 
printed from it. The plates are kept for many years, and 
new editions printed from them may be brought out at any 
time. 

I think you will agree with me that the invention of 
printing, which has made possible books by the thousand, 
newspapers, magazines, and pamphlets without number, and 
has brought the benefits of education to everyone, is a true 
friend of freedom,—freedom from ignorance, superstition, 
and political oppression, 


CHAPTER VIII 
EXPLORING THE HEAVENS 


“EXPLORE the heavens?” I hear you say. Of course, we 
have no airship to carry us from star to star, and even if 
we did, it would require many thousands of years to visit 
just a few of the vast heavenly host. But, thanks to Galileo 
and others who came after him, we have our telescopes and 
a still more marvelous instrument called the spectroscope. 
Do you not know, my young friends, that one of the most 
fascinating pursuits is this unraveling of the mysteries of 
the stars? 

Why do men build bigger and bigger telescopes, and 
others spend whole lifetimes in searching the heavens? 
Surely, not for gold. If all the stars were made of gold, we 
could never bring a grain of it to the earth. Still, we wish 
to know about this stupendous universe of which the earth 
is such a tiny part. From earliest times men have wished 
to learn the secrets of the heavenly bodies. Such men are 
called astronomers. It is ennobling to look up into the 
- heavens and to sense the beauty and the grandeur of the 
great celestial dome. It helps us to forget the petty cares 
and troubles, the strife and turmoil of this little earth. 

Did you ever look up at the stars on some clear, beautiful 
night of summer or winter and wonder how many of them 
have planets, just as our sun does, and whether these plan- 


ets are inhabited, just as our earth is? Strange, would it . 
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Fic. 34. A PORTION OF THE MOON’S SURFACE 


The distance from top to bottom of this part of the moon’s surface is 
800 miles. Estimate the distance from side to side. The large plain in the 
center is known as the Sea of Imbrium. The mountains skirting the lower 
light hand side of this area are the Apennines, 20,000 feet high. Those 
at the upper right hand-side are the Alps, 14,000 feet high. The large 
volcanic crater at the beginning of the Alps range is known as Mt. Plato. 
It is 60 miles in diameter and 4,000 feet deep. The largest of the craters 
to the left of the Apennines, named Archimedes, is 50 miles in diameter 
and 4,200 feet deep. The larger of the two craters to the northeast of this 
is 34 miles across and 11,000 feet deep. So deep is it that dark shadows 
fill the bottom. The distance from Plato to Archimedes is 300 miles. 


not be, if it were the only spot in the great universe where 
life abounds? Astronomers have never been able to tell as 


EXPLORING THE HEAVENS 119 


yet whether there really are other inhabited worlds than 
ours, but their inquiring minds are gradually increasing our 
knowledge of the heavenly bodies. 

How big is our universe? If you were to take the wings 
of light and travel at the enormous velocity of one hundred 
and eighty-six thousand miles a second, do you suppose you 
could find the beginning or the end of space? Just think 
for a moment. Can you imagine a place where there is 
no space? If so, would it be bounded by some high Chinese 
Wall? And what would there be on the other side of the 
wall? Nothing but space. So with time. Can you imagine 
a time when there was no time? Or a time in the future 
when there will be no time? No, space and time are infi- 
nite, they are without beginning and without end. 

Since space is infinite, what must be the extent of the 
universe of stars! Astronomers estimate that in all there 
are between two and three billion stars, and all of them 
are at stupendous distances from each other. Our sun is 
ninety-three millions of miles from the earth, and it has 
been found that the nearest star is twenty-five trillion miles 
away. It is so far away that, should the light on it go out 
tonight, it would continue to shine on at the same point in 
the heavens for four and a half years to come. 

It is known that only thirty stars are within a hundred 
trillion miles of the earth. Astronomers tell us that the 
more distant stars in the beautiful Milky Way, which seems 
to bound our universe, are at least a hundred thousand 
trillion miles away. They also say that it would take light, 
traveling at the rate of one hundred and eighty-six thousand 
miles a second, fifty thousand years to cross from one side 
of the Milky Way to the other. An express train going at 
sixty miles an hour would require one hundred and fifty-five 
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million years to make this journey. We simply cannot con- 
ceive of the vastness of this universe of ours. It bewilders 
us even to try to think of it. 

After Galileo. In the year of Galileo’s death, there was 





Fic. 35. DIAGRAM OF THE REFLECTING TELESCOPE MUCH 
REDUCED 


The light rays from a distant heavenly body such as the moon pass down 
the telescope tube to the large curved mirror at the bottom from which 
they are turned back, or reflected, to the small mirror near the top of the 
tube. From this small mirror the rays of light are again reflected down 
the tube and through a hole in the big mirror into and through the eye- 
piece into the eye of the observer who sees a portion of the surface of the 
moon as it would appear to the unaided eye at closer range. A star viewed 
through a telescope only appears brighter. It is not magnified. 


born in England one of the world’s greatest astronomers 
and mathematicians. You have all heard the story of Sir 
Isaac Newton and the apple’s fall, and how he was led to 
discover the law of gravitation, I should like to tell you 
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more about that, but we are interested now in his invention 
of a telescope. There were many defects in the kind of 
telescopes invented by Galileo. One of the results of these 
defects was a fringe containing all the colors of the rainbow, 
which always appeared about every image obtained. New- 
ton knew that a concave mirror, a mirror like that in your 
automobile lamp, would produce an image of a distant ob- 
ject, which might be reflected into an observation eyepiece. 
Fig. 35 will show you how this is done. Carrying this 
idea into effect, Newton built the first reflecting telescope 
and followed it in a short time with a still larger one. 

Newton, however, was not much interested in exploring 
the heavens. He was not an observational astronomer, Not 
until nearly a century later was the first great discovery with 
the reflecting telescope made, Sir William Herschel, the son 
of German parents but a British subject by adoption, built 
the first big telescope of this kind, and devoted his life to 
the exploration of the heavens. At one time he said, “I 
have looked farther into space than ever human being did 
before me. I have observed stars of which the light takes 
two millions of years to travel to this globe.” He estimated 
that this starlight travels on its journey to the earth “at 
least eleven and three-fourth millions of millions of millions 
of miles.” Of course, we cannot comprehend such immense 
distances, but Herschel was probably right. 

Herschel learned how to grind telescope mirrors. It was 
a long and tedious process. Often he was compelled to keep 
his hands on the grinding tools for hours at a time. Then 
his faithful sister Caroline, who became almost as famous 
an astronomer as her illustrious brother, would sit beside 
him and read, and often, too, feed him from a spoon, as he 
worked. When his telescope was completed, they repeat- 
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edly spent whole nights together viewing the stars. Caro- 
line kept the record of the observations and frequently the 
ink froze in her pen, so cold was the night. 














Fic. 36. HERSCHEL’S GRAND TELESCOPE 


In this early observatory Sir William Herschel and his sister Caroline 
explored the heavens and made many of their important discoveries. 


Years passed, and it seemed as though the searchings of 
these “silent watchers of the night” were to go unrewarded 
by any great discovery. Then, one beautiful night in the 
year 1781, a new planet flashed into view. Instead of the 
small bright point of light produced by a star, Herschel 
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beheld a shining disc of considerable size. He called to 
Caroline for a glass of larger magnifying power in the eye- 
piece and looked again. Yes, there could be no doubt. A 
new planet had been discovered. Watching it from night to 
night, they saw that it wandered among the stars, as the 
other planets did. Then they proclaimed their discovery to 
the world. This new member of the solar system was named 
Uranus, and its discoverer was knighted by his king and 
granted a pension. The king did not forget the faithful 
sister either. She also was granted a pension. 

It is wonderful to make a great discovery. All the hard- 
ships of the early years vanished from the memory of 
Herschel and his sister in the joy of this one moment of 
victory. 

A famous family. A generation and more ago, there lived 
at Cambridgeport, Massachusetts, the family of Alvan G. 
Clark and Sons. The father had been a calico printer and 
portrait painter, but, in assisting one of his sons to make 
a reflecting telescope, he became intensely interested in the 
grinding of big lenses. In 1844, the father and sons aban- 
doned all else and began the manufacture of telescopes. 
Five times within the next half century were they called 
upon to grind “a telescope lens more powerful than any in 
existence,’ and each time they succeeded. The Clarks be- 
came known as the most expert lens grinders in the world, 
and orders came to them from many lands. In their simple 
laboratories all the big telescope lenses used in the most 
famous observatories of the world have been ground. 

Four big telescopes. I am going to tell you about the four 
biggest telescopes in the world. Two of them use lenses, 
as Galileo’s did, and the other two are reflecting telescopes 
like the one made by Newton. 
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On the summit of Mount Hamilton in California, in the 
dry clear air, stands the Lick Observatory. In 1874, James 
Lick gave to the University of California seven hundred 
thousand dollars to manufacture a giant telescope and 
build an observatory. The contract to cast the glass from 





Fic. 37. ALVAN G. CLARK 


This old gentleman, the last of a famous family of telescope builders, is 
ie sitting beside the big Yerkes lens, which is being polished by the 
other man. 


which the lenses were to be ground was let to a firm of 
Paris glassmakers. Twenty times they poured the molten 
glass, allowing a month each time for cooling, before they 
obtained a product suitable for grinding. Do you wonder 
that the glass itself is almost priceless? Then the uncut 
glass was shipped to America, and the Clarks began the 
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grinding of what was to be at that time the largest lens in 
the world. It was thirty-six inches in diameter, and they 
were paid fifty thousand dollars for grinding it. 

Of course you understand what a lens is. You know that 
spectacle glasses are lenses, and you know that a camera 
has lenses, as well as a projection lantern and a moving 
picture machine. If you have a lens, thick in the middle 
and thin at the edges, you may easily obtain an image of 
a distant object upon a piece of white cardboard by holding 
in one hand the lens so as to throw the image of the object 
upon the cardboard held in the other. 

While the lens was being made another company was 
building the observatory, and at length, in 1887, both 
were completed. The telescope tube, sixty feet long and 
weighing four tons, rests upon an iron pier thirty-seven feet 
high. By means of electric motors, the telescope, and the 
observatory dome weighing eighty-nine tons, may be turned 
to any spot of the heavens, as easily as a spyglass. When 
this giant telescope is once focused on a star, a clockwork 
driving mechanism keeps it and the dome moving at exactly 
the same rate that the star seems to move, so that the image 
of the star is always in view. Is not such an instrument, 
so accurately and beautifully made, truly a marvelous 
invention? 

Even with this big telescope men were not satisfied. In 
a short time a larger one was begun for the University of 
Chicago. It is called the Yerkes Telescope after the man 
whose gift made it possible. Again the Clarks were asked 
to grind a larger lens even than that of the Lick Observatory. 
They did it. They made a lens forty inches in diameter. 
The finished lens weighs one thousand pounds and is two and 
a half inches thick in the middle, The unground blocks cost 


126 THINKERS AND DOERS 


twenty thousand dollars at a Paris glassworks, and the 
Clarks received one hundred and twenty-five thousand dol- 
lars for grinding it. The work of grinding is a most pains- 
taking task, and the master lens-grinder is a real artist. No 
other undertaking requires greater skill and accuracy. For 
two and a half years the Clarks patiently labored before the 
lens was ready for the mounting. 

What does a big telescope lens do? I suppose you think 
it will magnify the heavenly bodies, but it wiil do this only 
in the case of the comets, the planets and their moons. 
The stars are so far away that no telescope can magnify 
them. What a big telescope does is to gather more light 
from the stars, and to bring into view millions that would 
otherwise remain invisible. Each new telescope increases 
the population of the star world and pushes back the fron- 
tiers of the universe by billions of miles. 

These two telescopes are called refracting telescopes, and 
they are of the same type as Galileo’s. (See Fig. 39.) 

Two other big telescopes. I must tell you now of two 
other giant telescopes. They are reflecting telescopes, like 
those of Newton and Herschel, and the largest and latest 
of any kind that has been built. In these the Clarks had 
no part, for these telescopes do not employ big lenses. As 
you will see from the illustration (Fig. 35), an immense 
curved reflecting mirror rests at the bottom of a long in- 
clined tube. The mirror gathers the rays of light from a 
heavenly body and focuses them at a point in the telescope 
tube, many feet in front of the mirror. These rays are 
thrown upon a mirror, placed at this point, and reflected into 
an eyepiece, at which the observer sits and views the image. 

The first of these big telescopes was built a few years 
ago for the Dominion Astronomical Observatory, at Vic- 
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Fic. 38. THE TELESCOPE 


The sister of one of the author’s pupils looking through a home-made 
telescope at an object out of doors. It was made by mounting two lenses 
on a yard stick. 


toria, Canada. John A. Brashear, one of the world’s greatest 


opticians, now dead, but living then at Pittsburgh, Penn- 
sylvania, ground the massive mirror. The glass, as it rests 
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in the telescope tube, is seventy-two inches in diameter and 
weighs two and a quarter tons. The telescope and its 
mountings weigh fifty-five tons. 

But there was to be a still larger telescope than this one. 
This later telescope was begun in 1906 for the Solar Observa- 
tory of the Carnegie Institution, and is located om the sum- 
mit of Mount Wilson, near Pasadena, California. It is 
called the Mount Wilson Telescope. One of my pupils vis- 
ited it a short time ago and was permitted to look through 





Fic. 39. THE REFRACTING TELESCOPE 


In making this kind of.telescope, lenses are used instead of mirrors to 
produce an image of distant objects such as the heavenly bodies. These 
lenses bend, or, as we say, refract, the rays of light in such a way as to 
form a distinct image of what is being observed. 


the observation-eyepiece at the stars reflected by the huge 
mirror. I shall always envy him this wonderful privilege. 

The order for the glass was given to a French firm in 
1906, but not until three years later was it delivered in 
California. To cast so large a block was a herculean task. 
Great difficulties were encountered, and even after it was 
delivered the rough block seemed to have flaws which would 
make it useless. But at length, when it became certain that 
no better piece could be obtained, the work of grinding 
began in a workshop at the foot of the observatory moun- 


EXPLORING THE HEAVENS 129 





Fic. 40. ONE OF THE TWO LARGEST REFLECTING TELESCOPES 


This telescope is at the Dominion Observatory in Canada. At the bottom 
of the framework called the telescope tube is a curved mirror 72 inches 
in diameter. This mirror forms an image of a heavenly body which is 
reflected into the eyepiece. The largest telescope of this kind is at the 
Mount Wilson Observatory in Southern California. 


tain. This task, one of the most exacting ever undertaken, 
was carried out under the direction of Prof. George W. 
Ritchey of the observatory staff. 

The curve of the glass had to be exact to one two hun- 
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dred-thousandth of an inch. Just think of the infinite pains 
required in the work! Special tools had to be devised for 
grinding, and, because of the heat generated, the work 
could be carried on only a short time each day. Finally, 
after seven years of labor, the priceless glass was ready for 
the mounting. It weighed four and one-half tons and was 
one hundred and one inches in diameter and twelve and 
three-fourths inches thick at the edge. 

Then came the very delicate task of transporting up the 
mountainside the precious disc of glass. If it should be 
broken, the loss would be beyond all measure in dollars 
and cents. It was something that mere money could not 
replace. In case of accident, the human skill, the genius, 
the years of toil, would have been spent for naught. Care- 
fully, almost tenderly, the glass was lifted from the grind- 
ing table and lowered into a box lined with paraffin paper. 
Between the sheets of paper and in the bottom of the box 
were carded wool and Brussels carpet. It was covered with 
the same material, and the box was securely clamped to a 
heavy truck, lined with cushions and provided with strong 
springs. Then, cautiously and slowly, they began the ascent 
and, as all the world knows, it was crowned with success. 

The construction of the observatory dome is a marvel 
in itself. Located six thousand feet above sea level, free 
from vibration, and bathed in the dustless air and cloudless 
skies of Southern California, this telescope enjoys the most 
favorable site of any telescope in the world. It has already 
increased the population of the stellar world by a hundred 
million stars, and more discoveries await its further use. 

It had been thought that the Mount Wilson reflecting 
mirror and the Yerkes refracting lens would be the largest 
telescope glasses possible to grind, but a recent scientific 
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discovery shows this is not the case. In the research labo- 
ratories of the General Electric Company, at Schenectady, 
New York, fused quartz—that is, melted sea sand—has 
been produced in large quantities. Quartz is one of the 
chief ingredients of glass. Fused quartz is much better 
for telescopes than the finest grade of glass. Much less of 
the light falling upon it is lost by reflection and absorption, 
and it is very littie affected by heat. So, my young friends, 
you may expect to see still more wonderful telescopes in 
the years to come. Even if the glasses themselves are no 
larger, they will enable astronomers to see further and will 
give more distinct images. 

The spectroscope. In closing this chapter I want to tell 
you just a little about another marvelous instrument. It 
is the spectroscope. Many times you have wondered at 
the beauty of the rainbow, and you have often seen patches 
of color cast upon the floor or wall when sunlight shines 
through some three-cornered piece of glass. It was Sir 
Isaac Newton who first discovered that the white light com- 
ing from the sun may be broken up by falling drops of water 
or a glass prism into the colors of the rainbow. ‘Then, a 
little less than a century ago, Robert Bunsen, a famous Ger- 
man chemist who invented the gas burner used in labora- 
tories, constructed the spectroscope. 

By passing the light from the sun or a distant star through 
a glass prism and then into a small observation telescope, 
Bunsen was able to obtain a broad, magnified band of color. 
What is even more important, he could tell from these colors 
what chemical elements exist in these heavenly bodies. Each 
element hot enough to give off light produces with the spec- 
troscope a distinct set of bright lines. He could analyze 
the stars just as readily as a chemist can analyze a mineral. 
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The spectroscope told him, too, whether a heavenly body is 
a solid or consists of a light vaporous fire mist. It helps us 
_ to know the nature of the nebule, those wisps of incandes- 
cent matter which may be other worlds in the process of 
formation. With this instrument we may tell whether a star 
is coming toward us or moving away from us. By means of 
it the astronomer learns that many of the stars are rapidly 
moving bodies. 

Surely, this business of exploring the heavens is a most 
fascinating pursuit. I hope I have told you enough so that 
you will want to know more about the wonderful depths 
of space, and their countless number of beautiful ‘‘worids.” 


CHAPTER IX 
DOTS AND DASHES 


THERE are probably few boys, or girls either, who have 
not at some time devised a means of signaling to their 
nearby chums. Most of you no doubt have done this. 
Possibly you have followed the example of Paul Revere 
and arranged to have your friend hang a signal in his win- 
dow when he could go sliding or skating. I know of two 
boys, living not far apart, who employ a system of Indian 
warwhoops with which to exchange messages and greetings. 
Some of you may be fortunate enough to have an actual tele- 
graph line. That is ideal, and I envy you your pleasure. 

The ancients and even primitive men invented systems of 
signals which enabled them to communicate with each other 
although at considerable distances apart. The Indians used 
puffs of smoke of different shapes sent into the air by day 
and fire arrows shot across the sky by night. When King 
Agamemnon had brought about the downfall of ancient 
Troy, he flashed the news of victory back to his native 
Greece by means of beacon fires built on the crests of one 
hill after another. Often flags or lights hung from long 
lines of watch-towers carried the tidings of victory or defeat. 
Beams of light reflected from mirrors or the shields of 
soldiers were used to tell the story of battle. 

Hannibal and Czsar\and many another ancient warrior 
employed relays of fleet runners to carry news of battle, or 
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to summon reinforcements to their aid. Even less than one 
hundred years ago the president’s annual message was Car- 
ried from Washington to Philadelphia, New York, and Bos- 
ton by swift horsemen. One horseman carried it a certain 
distance and handed it to a second, who sped away with it 
to the next, and so on. A rather slow way now, is it not, 
when we may sit at our radio-phone and listen to the presi- 
dent, as he speaks to the whole country at once? In dis- 
cussing these means of signaling we must not forget the wig- 
wag system, with which every boy scout is familiar, and the 
one used in the Navy. As you may know search-lights 
throw beams of light across the sky to make known to the 
aviator flying at night the location of a landing place. 

An early telegraph. In 1837 a crude telegraph system 
had been established over thirteen miles of the Great West- 
ern Railway in England. Few paid any attention to it. 
People had been striving for centuries to discover some 
quick means of sending messages, and then when one had 
been found they seemed to have no use for it. But one 
morning a woman was found dead in a suburb of London, 
through which this telegraph line passed. The man who 
was thought to have caused her death had been seen to take 
a train for London. How were the authorities to get the 
news to the police so that they might arrest the man when 
he stepped off the train? No horseman could overtake the 
train, and at first it seemed as though nothing could be done. 
Then someone thought of the telegraph, and immediately the 
officers rushed to the station. The message was sent, and 
the suspected man was seized and later tried for the crime. 
At his trial he confessed, The public then began to see the 
value of the telegraph as a means of rapid communication. 

The inventor of this telegraph was Sir Charles Wheat- 
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stone. As a fifteen-year-old lad he had become much in- 
terested in electricity. I wonder if there is any lad who 
is not interested in electricity, even before he is fifteen years 
old. Wheatstone saved his pennies until he was able to buy 
a book describing the electrical discoveries of Volta, who, 
you will remember, made the first battery. Young Wheat- 
stone wanted to make a battery, too, but he had used nearly 
all of his pennies to buy the book, and had only a few left 
to pay for the plates which he would need. Then he thought 
of using the pennies themselves for one set of plates, and 
quickly had a battery which gave him much pleasure. 
Wheatstone’s telegraph was totally unlike the one now 
used. By using six electric circuits between the stations, 
the sender was able to make a number of magnetic needles 
at the receiving end of the line spell out words by pointing 
to letters on a dial. But let us see how an American inven- 
tor made the first modern telegraph and how it worked. 
“What hath God wrought.” On May 24th, 1844, Samuel 
F. B. Morse, sitting in the Supreme Court room of the 
Capitol, telegraphed to Alfred Vail in Baltimore these im- 
mortal words, ‘What hath God wrought?” With the send- 
ing of this message the invention of the American telegraph 
passed into history. It marked a wonderful triumph, but it 
had been paid for by long years of poverty and struggle. 
I must now tell you the story of Morse and what he did. 
Morse was born in Charlestown, Mass., not far from the 
boyhood haunts of Benjamin Franklin, the first American 
to experiment with electricity. His father sent him to An- 
dover and Yale where he obtained as good an education 
as was possible in those days. Morse was very skillful with 
his brush, and while in college helped to pay his expenses 
by painting miniature portraits on ivory, which he sold for 
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five dollars apiece. After his graduation, he decided to 
become an artist, and sailed with the famous American 





Fic. 41. SAMUEL F. B. MORSE 


This man of truly great renown dealt the distances of this old earth a 
terrific blow with his invention of the telegraph. 


painter Washington Allston for London. For four years he 
studied under the foremost masters of the English capital, 
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gaining added skill with his brush and some fame. Af 
length poverty compelled his return to America. He had 
hoped to sell his historical paintings to the wealthy people 
of Boston, but, although every one admired his work, no 
one would buy. I can imagine his keen disappointment. 

Morse had to have money, so he again turned to portrait 
painting to make a living. In this he met with quick suc- 
cess. In a few months he had saved three thousand dollars. 
With it he married and began once more the painting of 
large historical subjects. But much to his disappointment 
the public was not interested in them. Then in 1825 his 
wife died, and he crossed the Atlantic to study a second 
time in the art galleries of Europe. It was during his return 
from this trip, in 1829, that an incident occurred which 
changed Morse’s whole future career and made him an in- 
ventor instead of a painter. 

The beginning of the telegraph. One day in the cabin of 
the good ship Su/ly, on which Morse was returning to Amer- 
ica, Dr. Charles T. Jackson, a fellow passenger, exhibited 
an electromagnet and performed some experiments which 
he had seen Ampére, a distinguished French scientist, do 
in Paris. Immediately Morse was interested. Not much 
was known about electricity in those days and any electrical 
device was a curiosity. It seemed perfectly clear to Morse 
that such an electromagnet could be easily used for sending 
signals from a distance. In that moment the idea of the 
telegraph was born in his brain. Unsuccessful as an artist, 
he decided to devote all his energies to the invention of 
an electric system of communication. In those days of 
sailing vessels, an ocean voyage was a long and tiresome 
journey, but to Morse the remaining time passed quickly 
enough. He spent it in thinking out his invention, and, 


138 THINKERS AND DOERS 


when he stepped off the ship in New York, he had drawings 
of the instruments he proposed to use and a complete plan 
of action ready to put into operation. Little did he know 
how many dark years of hardship and disappointment were 
ahead of him before final'success would come. 

The work of invention. Worst of all, Morse was neither 
a mechanic nor a scientist. He knew very little about elec- 
tricity; and besides, batteries, insulated wire, and electro- 
magnets, which are so common now, could not be had. All 
these he himself had to make. I imagine we should not get 
very far in setting up a telegraph line if we had to make 
our instruments, even if we had a model to follow. Just 
think of having to insulate many feet of copper wire by the 
tedious process of wrapping it with cotton thread! Morse, 
however, had fired his imagination with a great idea, and 
he was bound to succeed. 

In order to make a living and also obtain a laboratory 
in which to work, Morse accepted a position as Professor 
of the Literature of Arts and Design in New York Uni- 
versity. He immediately went to work. From a black- 
smith shop he obtained a horseshoe-shaped piece of soft 
iron and began to make the electromagnet, which was to 
serve as his recording instrument. Back and forth across his 
laboratory he stretched many feet of wire and tried to send 
signals through it. At once he ran into a serious difficulty. 
The feeble electric currents from his battery would not oper- 
ate his heavy recording instrument. If he could not send 
a message over the short line in his laboratory, how could he 
expect to send them over many miles of wire passing from 
city to city? Surely this was a baffling problem; but there 
are usually ways to surmount such difficulties, and so it 
proved in this case. 
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Fic. 42. THE FIRST TELEGRAPH SYSTEM 


With these clumsy devices Morse sent and received his first messages. 
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While at the university, Morse had made the acquain- 
tance of Mr. L. D. Gale, professor of chemistry. Gale 
had helped Morse to make batteries. He now told him of 
the very sensitive electromagnet which Professor Joseph 
Henry, of the Albany Normal School, had made. This was 
just the electrical knowledge needed to solve the difficulty. 

Morse in making his electromagnet had used only a few 
turns of heavy wire. The recording instrument with such 
a magnet cannot be operated by a weak current. But he 
now quickly made a smaller magnet having many turns of 
fine wire and a very weak spring pole-piece, called an arma- 
ture. Morse named this magnet the relay and placed it 
directly in the electrical circuit. The feeble line current 
could operate the weak-spring armature, and this armature 
made and broke a local circuit right in the telegraph station, 
in which were placed a strong battery and the heavy record- 
ing instrument. The relay operated as Morse hoped it would. 

Morse then had a working telegraph on a small scale. He 
was on the right track, but his invention was still far from 
a commercial success. I am sure you would never recog- 
nize his clumsy devices, shown in Fig. 42, as being anything 
like a telegraph system. Instead of receiving the signals 
by ear, Morse’s instrument marked them on a moving tape. 
The electromagnet caused a pendulum to move back and 
forth as the circuit was made and broken. At the bottom 
the pendulum carried a pencil, which made marks on a paper 
tape moved beneath it by a clockwork mechanism. Later 
it was found that the message could be taken just as readily 
by the click-like sound of the instrument, and the movirg 
tape was discontinued. 

Morse forms a partnership. Although Morse had _in- 
vented a telegraph, he was without funds to put it before the 
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public. Then one day, just as though this were a tale from 
fairyland, there wandered into Morse’s workshop a young 
man who became so much interested in what he saw that he 
asked to be made a partner in the enterprise, and to be 
allowed to supply the funds necessary for the completion 
of the invention. This young man was Alfred Vail, of 
Morristown, New Jersey. He induced his father, the owner 
of the Speedwell Iron Works, to advance two thousand dol- 
lars for the work. Then, being a mechanical genius himself, 
he went to work to improve Morse’s instruments and to de- 
velop a code of dots and dashes. Within a short time Vail 
had the telegraph ready to be put on public exhibition. No 
greater good fortune than this could have come to Morse at 
that time. Success seemed easily within his grasp. Still 
there were stormy days ahead. 

Morse then hurried to Washington to secure a patent and 
to interest the government in his invention. For a time 
fortune seemed to favor him. He succeeded in getting a 
bill introduced into Congress appropriating thirty thousand 
dollars for the building of an experimental line between 
Washington and Baltimore. Nothing seemed to stand be- 
tween him and an early triumph. Fired with success, he 
organized a telegraph company, but, instead of staying at 
Washington to look after the passage of his bill, he sailed 
for Europe to secure his patent rights in foreign countries. 
In this endeavor he failed. 

Returning to America he found Congress no longer inter- 
ested in his telegraph, and Dr. Jackson, who had first shown 
Morse the electromagnet, claiming a share in the invention. 
Morse easily disproved Dr. Jackson’s claims, but he found 
himself once more plunged into the depths of poverty. To 
support himself he took private art pupils and with Dr. 
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Draper of New York University took the first daguerreotype 
pictures made in America. 

One of Morse’s art pupils tells how poverty-stricken the 
inventor was during those dark days: 

“Morse approached me one day and said: 

“ ‘Well, Strother, my boy, how are we off for money?’ 

“Why, professor, I am sorry to say I have been disap- 
pointed; but I expect a remittance next week.’ 

“Next week! I shall be dead by that time.’ 

© Dead, sire? 

“ “Ves, dead by starvation.’ 

“Would ten dollars be of any service?’ I hurriedly asked. 

“Ten dollars would save my life,’ Morse replied. 

“T paid the money, all I had, and we dined together. 
After we had finished, he said, “This is my first meal for 
twenty-four hours.’ ” 

Brighter skies. Even then Morse would not give up. As 
often as he could spare the money, he went to Washington 
to urge the passage of his bill. Finally it was introduced 
again, but defeat seemed certain. Many members of Con- 
gress felt that it would mean a waste of money and were 
afraid to vote for the bill. One evening in May, 1843, 
Morse sat in the gallery of the Senate chamber. His bill 
was up for final passage, but, so severe was the criticism 
that he felt sure it would be defeated. Utterly discouraged, 
weary in body and sick at heart, the forlorn inventor stole 
from the building and returned to his lodging place. After 
buying a return ticket to New York and paying his landlady, 
he had only thirty-seven and a half cents left in the world. 

The next morning, as he sat at breakfast, he was sur- 
prised to receive a caller. Miss Annie G. Ellsworth, the 
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daughter of the Commissioner of Patents, much to his as- 
tonishment greeted him saying, 

“Professor, 1 have come to congratulate you.” 

“Congratulate me!”? Morse answered. 

“Why, yes,” she replied in triumph, “on the passage of 
your bill. The Senate last night voted your money, thirty 
thousand dollars.” 

Immediately Morse began to build the line from Wash- 
ington to Baltimore. Still misfortunes seemed to pursue 
him. He attempted to put the wires underground, but, after 
twenty-five thousand dollars had been expended, the insula- 
tion covering the wires proved faulty and defeat seemed the 
only outcome. Fortunately Ezra Cornell, who was later to 
found Cornell University, was assisting Morse. As a last re- 
sort, he suggested that the wires be strung on poles and in- 
sulated from the wood by the necks of bottles. The plan 
succeeded and the line was speedily completed. 

The sending of the first message has already been de- 
scribed. No doubt it was a proud moment for Morse as he 
sat at the transmitter in the presence of distinguished citi- 
zens and members of the Government and demonstrated the 
success of his great invention. 

More disappointment and final reward. Although Morse 
had proved the success of the telegraph, he was as poor 
as ever. None of the money appropriated by Congress for 
his new line had gone to him. He offered his invention to 
the Government for one hundred thousand dollars, but no 
one could see that it was of any real value, and the offer was 
refused. 

Keenly disappointed, Morse organized a company and 
built a line from New York to Philadelphia. Other com- 
panies began to build lines and to use Morse’s instruments 
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without paying him for doing so. Finally the Western 
Union Telegraph Company was organized in 1856 to com- 
bine all of these small companies into one large one. The 
new organization was a wonderful success, and its pro- 
moters, including Morse, became wealthy men. Morse was 
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This is the instrument upon which Alfred Vail, who did much to make 
the telegraph a commercial success, received that historic message: ‘What 
hath God wrought?” 
honored by the leading nations of the world, and at the time 
of his death, in New York City, in 1872, the telegraph was 
regarded as the leading scientific achievement of the century. 

How it works. I think you will understand how an ordi- 
nary telegraph line works from Fig. 44. Many of you may 
have already operated a simple set yourselves. As you 
know, in telegraphy in its simplest form only one oper- 
ator can send a message at one time. He opens his switch, 
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thus breaking the circuit. Then he makes and breaks the 
circuit with his key, sending over the line the dot and dash 
signals of the Morse code. If the line is short, as it is in any 
which you young readers may have, no relay is required. In 
a regular telegraph system the feeble line currents pass 
through the sensitive relay, causing that to make and break 
the local circuit containing the heavy sounder and a strong 
battery. When an operator is through sending, he closes his 
key, so that some other station may send. If he should for- 
get to do this, the line would be put out of service, for the 
electric circuit cannot be used if it is broken in two places 
at once. 

Later improvements. More than ten years before the 
death of Morse, J. B. Stearns, of Boston, had invented 
duplex telegraphy, by which two messages may be sent over 
a single wire at the same time, one in each direction. Not 
satisfied with this, Edison invented a quadruplex system by 
which two messages are sent in each direction over the same 
wire at the same time. 

The system now employed on the Western Union lines 
sends eight messages over a single wire at once. Eight 
operators are required at each end of such a line, four to 
send and four to receive. Today an operator does not send 
a message by the use of a key. He sits at a machine which 
looks just like a typewriter. He operates it just as he would 
a typewriter, but, instead of printing letters, he punches 
holes in a moving tape which passes through the sending 
machine. The sending machine through which the tapes 
pass works automatically and handles four tapes at one time, 
sending four messages to the line. The receiving instru- 
ments also work automatically and print the messages on 
telegraph blanks already for distribution. All the receiving 
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operator has to do is to tend the machine and remove the 
messages when they are complete. 

The other day I stood in a large New York telegraph 
office and watched the sending and receiving of messages 
between New York and Chicago. There was row after row 
of these machines in operation, and the click-click of the 
transmitters mingling with the hum of the sending machines 
almost made music in my ears. How I wondered just what 
all this medley of messages meant, what stories they were 
telling of business or pleasure, sorrow or gladness. 

Many other telegraph inventions have been made. Elisha 
Gray invented a musical telegraph which sent twelve mes- 
sages Over a wire at once, and more recently a system has 
been invented which makes possible the sending of forty 
messages. Pictures, too, are sent both by telegraph and 
telephone. What new marvel may at any time appear, we 
cannot say, but we surely have not yet reached the end of 
telegraph invention. 

I often wonder what Otto von Guericke, Franklin, 
Galvani, Volta and other discoverers in electricity and 
magnetism of earlier times would think if they could step 
forth into this modern world of invention and take a look 
at all the remarkable accomplishments of which their dis- 
coveries were the beginning. Still, we must remember that 
some day we shall be ranked among the ancients, and if then 
we could revisit the earth we should doubtless be no less 
astonished. 

Do you not think the telegraph dealt a terrific blow to 
the seeming size of this little earth? Other inventions, how- 
ever, have made it look still smaller, and it will not be long 
until it is only a dwarf. In the succeeding pages we shall 
see what some of these other inventions are, 


CHAPTER X 
THE MISTRESS OF THE STITCHES 


Dip you ever sit and watch a woman sew long seams 
with a needle and thread, or darn the big holes which so 
easily come in socks and stockings? Maybe you sometimes 
mend your own clothes. Even a boy must occasionally sew 
on a missing button. You know that one of the most 
useful pieces of mechanism in any household is the sewing 
machine. Yet there was a time when there were no sewing 
machines. Just think what it would mean today, if all the 
clothes, shoes, garments of all sorts, and many other articles 
of merchandise had to be sewed by hand instead of by 
machinery! Only three-quarters of a century ago that is 
just what had to be done. But people fought with all their 
might against the invention of this machine and were un- 
friendly to the young man whose ingenuity lifted this bur- 
den and made life easier and happier for them. That used 
to be the way all inventors of labor-saving devices were 
treated. People thought their machines would rob them of 
work, and an inventor, instead of being a friend, was looked 
upon as an enemy. 

Had you been in Boston about eighty years ago, you 
might have witnessed a very curious contest. A young man 
was seated at a table in Quincy Hall. Before him stood an 
odd contrivance, which one small boy said looked like a “‘lit- 
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expert seamstresses of a nearby tailor shop, each sewing a 
long seam as fast as she could ply her needle. The young 
man, turning the flywheel of his machine by hand, was 
sewing, too,—taking two hundred and fifty stitches a minute. 

An eager group of onlookers watched the contest between 
the fingers of brass and iron and the fingers of flesh and 
blood. In the foreground stood an umpire, watch in hand, 
ready to announce the victors. Presently, raising his hand, 
he said, “The machine has won.” Then, after carefully 
examining both the handwork and that of the machine, he 
added, ‘‘The work on the machine is the neatest and strong- 
est.” The machine had sewed five seams more quickly than 
a skilled seamstress could sew a single one. 

Here was a wonderful machine! Just think of what it 
would mean to the tailor, the dressmaker, and the busy 
housewife to be able to do all kinds of sewing more than 
five times as fast as by the tedious method of handsewing! 
Surely you might suppose the people would be quick to see 
the marvelous advantages of such a time-saver. But they 
were only curious. No one wanted to buy a sewing-machine. 

A number of tailors, who had been interested observers 
of the contest, began to make all sorts of objections. One 
said, “It costs too much.” Another, “It will throw my 
workmen out of employment.” A third enemy of progress 
stated, “We are doing well enough as we are.” 

But I imagine, if some one should show you a device to 
pull weeds five times as fast as by hand, you would not be 
long in adopting the invention. 

The inventor himself. Who was this young man who in 
1845 sought to relieve the world of one of its heavy bur- 
dens? If some one had asked him, the kindly-faced in- 
ventor might have replied, “I am Elias Howe, Jr., and I 





Fic. 45. ELIAS HOWE 


The inventor of the sewing machine, amidst poverty and severe hard- 
ship, fought long and stubbornly for the exclusive right to manufacture and 
sell his machine. At length he won, and lived for a few years to enjoy 
his triumph. 
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was born at Spencer, Massachusetts, in 1819. For the last 
five years I have been working night and day, almost, to 
invent a machine which will save women from the wearisome 
task of taking stitches by hand. Now that I have suc- 
ceeded, the public is not interested. No one wants to buy 
my machines, and I am only ridiculed for my pains. I have 
not yet taken out a patent on my invention, and I am too 
poor to obtain one.” This was a fact. 

As a lad, Howe grew up like any other country boy. He 
was one of eight children and, like the others, worked on 
his father’s farm and in the sawmill, the gristmill, and the 
shinglemill, which the Howes ran to increase their scanty 
income. When he was eleven, his father apprenticed him 
to a farmer, with whom it was intended that he should re- 
main until he was twenty-one. Young Howe did not like 
farming, and a slight lameness, which he had had from in- 
fancy, made the work hard for him. I presume, too, that he 
was homesick. I do not think many of you who are only 
eleven, or even older, would like to go away from home to 
live in a strange household. That, however, was the custom 
in those days. It was a happy lad who, after a year on the 
farm, returned home to busy himself about his father’s mills 
until he was sixteen. 

Still, the time came when Howe wished to go away from 
home, to make his fortune in a larger place. Many stories 
had reached him of the wonderful town of Lowell and its 
big cotton mills. In his mind he pictured himself as a 
skilled mechanic earning a big wage, and earning it more 
easily than he could in the little town of Spencer. So, when 
his parents would give their consent, he hastened away 
and soon found himself at work in a machine shop which 
manufactured cotton machinery. Here he became skilled 
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in the use of tools and added to his knowledge of machines. 
Without knowing it he was getting just the sort of training 
that would be useful to him in his future work as an inventor. 

After two years, the big business panic of 1837 came, and 
Howe was thrown out of employment. He wandered about 
for a time and then secured a position with Ari Davis of 
Cambridge, Massachusetts, who made and repaired clocks, 
surveying instruments, and mechanical devices of all sorts. 
Ari Davis was also of an inventive turn of mind and gave 
to Howe just the stimulus he needed. 

Howe gets the idea of the sewing machine. One day a 
man came into Davis’ shop and exhibited a model of a knit- 
ting machine. He wanted Davis to help him in perfecting 
the machine so he could obtain a patent upon it. 

But Davis said to his caller, “Why bother with a knitting 
machine? Why don’t you invent a sewing machine?” “T 
wish I could,” answered the visitor, “but it can’t be done.” 
“Oh, yes it can,” said Davis. “I can make a sewing ma- 
chine myself.” “Well, you do it and you will have an inde- 
pendent fortune,” returned the man with the model of the 
knitting machine. 

Howe heard this conversation and he never forgot it. The 
idea of a sewing machine took firm root in his mind, and to 
make one and perfect it never ceased to be his chief thought 
from that day until his death nearly thirty years later. 

Howe’s first machine. When Howe was twenty-one he 
married. Often in the evening, as he watched his young 
wife at work with her needle to help out his small income 
of nine dollars a week, he longed to be able to invent the 
sewing machine. It seemed as though he must invent some- 
thing to save her and other women from all this drudgery. 

One evening he told her of the wonderful machine which 
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he believed would take more stitches in an hour than she 
could in ten. 

Dropping her work, she exclaimed, “Oh, Elias, do you 
really think you could?” “Surely,” he replied, and then 
explained to her his plan for a sewing machine. 

Night after night he came home so exhausted from his 
day’s work that he could scarcely eat, and wished only 
to be allowed to rest forever. Still he could not get away 
from the idea of a sewing machine. Sitting in the candle- 
light of their dingy living-room, for almost a year Howe 
tried in his evenings to invent a machine that would imitate 
the motions of his wife’s fingers. He failed, however. 

Then in a flash one evening the problem seemed to solve 
itself. Why not have two threads, he thought, one to be 
passed through the cloth by a curved needle and looped in a 
lock stitch about another thread carried by a shuttle? In 
that instant the sewing machine was born. With a rude de- 
vice, he quickly tested his idea and to his great delight found 
that the proposed stitch was firm and strong. In a short 
time Howe had completed a rough model of wood and wire. 
It sewed—two hundred and fifty finished stitches a minute! 
Can you not imagine the joy which this success brought to 
him? Did you ever with your Erector or Mecanno set rig 
up some device of your own invention and find that it 
really worked? Undoubtedly you have, and you know what 
real pleasure you got out of it. You know, too, how Howe 
must have felt when he made his rough model sew. 

Making a real machine. Howe now abandoned every- 
thing else and gave his whole time to the work of perfecting 
his invention. His father had come to Cambridge and was 
running a mill which cut palm leaves into strips for hats. 
Elias, junior, went to live in the family household and was 
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permitted to turn the attic into a shop for his work. This 
he fitted out with a lathe and what other tools he could ob- 
tain. Day after day for weeks and months he worked away. 
The neighbors ridiculed him and said he was wasting his 
time. But Howe could stand ridicule, and as for wasting 
his time, he knew he was not doing that. 

In a short time Howe saw that he could never build a 
working model of his machine without more materials and 
better tools. But from where was the money coming? Just 
at this moment of great need a boyhood friend, George 
Fisher, who had inherited a small fortune, came to his aid. 
He invited Howe and his family to make their home with 
him and supplied the young inventor with five hundred 
dollars to finish his work. In return, he was to have a half 
interest in the invention. 

By July of 1845, Howe had his machine in working order, 
and with it he sewed two suits of clothes, one for himself 
and one for Fisher. The stitching seemed perfect, and it 
could be done with great rapidity for those times. A draw- 
ing of the first model is shown in Fig. 46. The cloth, in- 
stead of moving horizontally beneath the needle as 
it does now, was suspended vertically by means of pins, and 
the needle worked back and forth instead of up and down. 

It was at this time that Howe won his famous contest 
with the five seamstresses. He next placed his machine 
upon the market and offered to supply others for three hun- 
dred dollars apiece. But no one would buy. He had spent 
five years on his invention, living much of the time in pov- 
erty and distress, only to find the public utterly indifferent. 

Undaunted, Howe felt sure that his machine would yet 
bring him fame and fortune. The next step was to take 
out a patent. He had no money. To earn enough for his 
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purpose he took a position as locomotive engineer on the 
Boston and Albany Railroad. Never strong, the long hours 
and exposure proved too severe for him. He was compelled 
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Fic. 46. THE FIRST SEWING MACHINE 


It was with this machine that Elias Howe won his contest with the 
seamstresses in Boston, and his struggle for fame and fortune. 


to give up this job. Then Fisher again came to his assist- 
ance. Together they went to Washington and secured a 
patent which granted him the exclusive right to his invention. 

While in Washington, Howe gave an exhibition of his 
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machine at a fair, but it was the same old story. People 
were amazed at its performance, but no one could see that 
it was worth investing any money in. 

At that time Fisher abandoned the enterprise. Later he 
said, “I had lost confidence in the machine’s ever paying 
anything.” He had spent two thousand dollars and had 
boarded Howe’s family for two years. And still not a ma- 
chine had been sold. 

Howe goes to England. I can imagine that many of us 
would have been very much discouraged with all this ill- 
luck. If in the long period of work and worry we had also 
lost our health, we should probably have been ready to give 
up. But Howe would not admit defeat. Borrowing money 
from his father, in October, 1846, he sent his brother, Amasa, 
to England with the only machine he had. He felt sure 
that the garment makers there would recognize the worth 
of his invention. At first success seemed to smile upon him. 

Amasa showed the machine to William Thomas, a manu- 
facturer of corsets and carpetbags. At once this shrewd 
Englishman saw the wonderful merit of the machine and 
bought it for twelve hundred and seventeen dollars. He 
also secured the right to sell the machines in England, agree- 
ing to pay Howe fifteen dollars for each machine sold. 
Moreover, he sent for Howe himself to take a position in 
his factory and to adapt the machines to his particular kind 
of work. Howe went, and in a short time the manufacturer 
sent money to carry his family over. All seemed to be going 
well. Then, after eight months of hard, painstaking work, 
he found himself discharged. He had made the necessary 
changes in the machine to suit Thomas’ purpose, and the 
manufacturer had no further use for him. Furthermore, 
this dishonest man made a fortune by making and selling 
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Howe’s machines in England, but he refused to pay the in- 
ventor the royalty as he had agreed to do. 

Howe was now penniless in a strange city and with a sick 
wife and three children to support. His father sent money 
to take his family home, while Howe remained in England to 
build a new machine. At length it was completed. He had 
hoped to sell it for enough to pay his debts and secure pas- 
sage back to America. But he received only twenty dollars 
for a machine worth many times that amount, and was com- 
pelled to pawn the patent received in Washington to secure 
the necessary funds. Even then he had to sail in the steer- 
age, and to secure food for himself, he cooked for the other 
passengers. 

Arriving in New York with only sixty cents in his pocket, 
Howe found work in a machine shop, but he had scarcely 
taken up his duties when he received word from Cambridge 
that his wife was dying of tuberculosis. Practically penni- 
less, he did not have carfare for the home journey until his 
father sent him ten dollars. He reached his wife’s bedside 
just in time to say good-bye. So poor was he that at the 
funeral he was compelled to appear in a suit of clothes bor- 
rowed from his brother. 

The fight that ended in victory. While he was in London, 
a number of dishonest men at home had stolen Howe’s in- 
vention and were manufacturing and selling sewing ma- 
chines. At length the public had begun to see their value. 
Although without funds, he determined to prosecute these 
thieves and win back his rights. He sent for his letters pat- 
ent in London and, taking them to the best lawyers of 
Boston, found that his claims were just. A new partner, 
George W. Bliss, supplied him with money to fight his case. 
He won. The highest courts of the land decided that Howe 
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was the rightful inventor of the sewing machine and com- 
pelled his competitors to pay him two hundred thousand 
dollars a year for the use of his patent. 

In a short time Howe became a wealthy man, and the dis- 
tressful poverty of his early years was exchanged for a home 
provided with every comfort that money could supply. 
Still, although he might have remained at his ease in such a 
home, he enlisted as a private soldier in the Civil War and 
fought until ill-health compelled him to retire. He died 
in 1867 at the early age of forty-eight. 

Other contributors to the sewing machine. Although 
Howe independently of any one else was the first to invent 
a successful sewing machine in this country, he was not the 
first to think of sewing by machinery. In 1790, Thomas 
Saint of England had patented a stitching machine of real 
merit; and, fifteen years before Howe patented his inven- 
tion, a Frenchman, named Thimonnier, had invented a ma- 
chine which did excellent work. But no one was interested 
in the English machine, and the workmen smashed the 
French one. 

In this country, about 1832, Walter Hunt of New York 
invented a machine which came very nearly to success, but 
its inventor did not carry it quite far enough. Twenty 
years later, Isaac M. Singer, a bitter opponent of Howe, 
pulled this old rusty Hunt machine out of the scrap heap, 
and sought to get a patent upon it. It would not sew, and 
the courts denied his claim. Singer, however, entered the 
sewing machine business and became one of its largest 
manufacturers. Surrounding himself with a corps of inven- 
tors, he did much to improve the original machines and to 
adapt them to new duties. Two other men who helped to 
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perfect the modern machine were Allen B. Wilson and James 
A. E. Gibbs. 

Nowadays even the humblest household has a sewing 
machine. No one has to be urged to buy one. It would 
be regarded as a severe hardship to do without it. As you 
know, the foot tread took the place of the hand-driven ma- 
chine. Now many sewing machines are run by electric 
power. No more appropriate Christmas present can be 
given to a young housewife than that of a sewing machine. 
Strange, is it not, that anyone should ever have opposed 
this magic saver of time and labor—this fairy mistress of the 
stitches. 


CHAPTER XI 
THE HERCULES OF THE HARVEST FIELD 


Durtnc the summer of 1832, in a harvest field near Lex- 
ington, Virginia, occurred one of the great triumphs of 
American invention. It was almost as great an event as the 
battle of Lexington, fought in Massachusetts more than a 
half century before. This victory was not marked by the 
sound of guns or the sight of fallen soldiers. It was a 
bloodless conquest, but, like the battle of Lexington, it was 
only the preliminary skirmish in a long contest. 

In imagination let us recall what occurred on that par- 
ticular harvest day. Around a field of ripened wheat we 
see a crowd of curious, jeering spectators. There are law- 
yers and politicians, interested farmers, disgruntled labor- 
ers, and shouting negroes. There seems to be a hostile feel- 
ing toward some approaching evil. Men are gathered in 
little groups talking excitedly and often in bitter, angry 
tones. 

We hear one rough, ignorant-looking fellow say, ‘“We’ll 
smash the things, before we’ll have the bread taken out of 
our mouths by any such contrivance.” 

Presently we hear a great clattering noise and look up to 
see negroes leading two frightened horses, hitched to one 
of the oddest machines that ever greeted the sight of man. 

The crowd laughs uproariously. The grinning negroes 
give vent to their spirits by turning handsprings of delight. 

160 
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Some one shouts “It’s drunk,” and the crowd laughs again. 

Heedless of the ridicule and the sullen faces, the young 
man in charge of the machine drives straight into the field 
and prepares for action. He is Cyrus H. McCormick, and 
he is about to give a public demonstration of the first reaper. 





Fic. 47. THE REAPER 


In this historic scene is shown Cyrus H. McCormick, then a young man 
of twenty-three, demonstrating to the country-side that his reaper is a 
great success. 


He and his father have worked upon it for many years, and 
at last he feels that it is ready for the test. 

We see him begin to cut the wheat, but the machine does 
not work well. Heavy and unwieldy, it slews about on the 
rough, hilly field like a storm-tossed ship. The hoots of 
the crowd reach the young man’s ears above the deafening 
roar of the machine. All sorts of names are hurled at him 


and his strange contrivance. 
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“Tt’s all a humbug,” says one. ‘“We’ll stick to the good 
old cradle yet,” laughs another. This and similar remarks 
speak only failure for the young inventor. The owner of 
the field rushes up and shouts, “Here, here, young man! 
Stop your horses. You're ruining my wheat.” 

Just at this dark moment, when all seems lost, an impor- 
tant looking gentleman on horseback rides up and shouts 
to McCormick, ‘Pull down that fence over there and see 
what you can do in my field. I'll see that you have a fair 
chance, young man.” He is the Hon. William Taylor. He 
sees that the ground is too rough where McCormick is and 
invites him into his field, which is smooth and level. 

Gladly the young man accepts the invitation and crosses 
over. Round the field he goes, once, twice, then many 
times. The machine works perfectly. The din of the cut- 
ting knives makes sweet music for his ears. In five hours 
he has cut six acres of wheat, more than an acre to the hour 
—an unheard-of performance. This is the first grain ever 
cut in the United States by machinery. 

Beaming with the joy of a great triumph, the successful 
inventor stops his machine and receives the congratulations 
of the little group that has remained to the end. They are 
not all unfriendly to him. ‘Your reaper is a success,” he 
hears his father say, ‘and it makes me proud to have a son 
do what I could not do.” 

That evening we gather about the machine at the court- 
house square in Lexington, where it has been drawn, and 
listen to the talk of the crowds that inspect it. We hear 
Professor Bradshaw of the village academy say, ‘That 
machine is worth a hundred thousand dollars.” <A wild 
prediction this seems, and yet we shall see it come true 
many, many times over, 
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Early reaping devices. Did you ever see an old-fashioned 
sickle with its cutting edge of fine, sharp teeth? We use 
sickles like that now to trim the grass about the hedges and 
shrubbery of our lawns. Well, it was with this kind of 
instrument that all grain was cut, in the colonial days and 
for ages before. A slow process, you may guess. For one 
man to cut and bind into bundles a half acre of wheat was 
a good day’s work. The world was not so well fed in those 
days as it is now. The great populous cities of today could 
not then have existed. Not enough grain could have been 
raised and harvested to feed them. 

The sickle was followed by the ordinary scythe and then 
came the cradle. The cradle is simply a scythe with wooden 
fingers running in the same direction as the blade to gather 
the grain as cut, carry it to the end of the stroke, and lay 
it in a swath for drying and binding. It was invented in this 
country about the time of the Revolutionary War, and en- 
abled two men to do the work of seven with the sickle. 
That, of course, was a great step forward and made possible 
a great increase in the world’s supply of wheat. It is even 
yet used on very uneven ground and in other places which 
cannot be reached with a reaper. 

Surely, many of you have seen the modern reaper and 
binder at work in a harvest field. Some of you may have 
seen one of the combined reaping and threshing machines 
on the broad prairies of the Great West. Drawn by twenty 
to thirty mules or a number of tractors, a single one of 
these machines will reap, thresh, and bag from two to three 
thousand bushels of wheat in a day. Very slow and primi- 
tive now seems the cutting of grain with a cradle and thresh- 
ing it by pounding it out with a flail, does it not? 

A number of attempts had been made to invent reapers. 
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Patrick Bell and Henry Ogle in England, and William Man- 
ning and Obed Hussey in this country had taken out pat- 
ents. Some of these machines worked fairly well. McCor- 
mick, assisted by others, was, however, the conquering 
genius who brought the reaper to a final success. 

About the inventor’s father. Cyrus H. McCormick was 
born in the Blue Ridge Mountains of Virginia in 1809, just 





Fic. 48. AN EARLY REAPER 


Many centuries ago, knives with saw-tooth edges, on the front of this 
clumsy device, cut off the heads of the grain, which fell into the cart. 


three days after the birth of Abraham Lincoln. His father, 
Robert McCormick, owned a farm of eighteen hundred acres 
and was a prominent citizen of that part of the state. 
On his farm stood a sawmill, a gristmill, and a blacksmith 
shop. Cyrus was the oldest of eight children, and every- 
thing that this large family used was either raised or made 
at home—food, clothes, shoes, soap, tools, and machinery. 
The father’s hobby was inventing. On rainy days he was 
always at work in his shop. 
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When Cyrus was seven years old his father began the 
invention of a reaper. To cradle wheat or oats in the hot 
sun or to bend all day over the fallen grain, binding it into 
bundles, was back-breaking work even for the strongest 
men. The elder McCormick said to himself, “It will per- 
haps be a farmer who invents some better way of getting 
in the wheat than by sickle or cradle.” 

For fifteen years he tried to perfect a reaper. But, when 
his machine was tried in 1831, it would not work. It was 
easily clogged and tossed the grain about in a tangled mass. 
There was a cutting bar carrying stationary knives and a 
number of whirling saws. The saws moved past the knives 
just like a pair of shears and cut the grain. A revolving 
reel pressed the stalks of grain against the knives and car- 
ried it to a platform, from which a man who walked beside 
the machine raked it off into bundles. It seemed all right in 
principle, but, when it would not work, the father said, “I 
am through with it. It is impossible to make a practical 
reaping machine.” 

Cyrus turns inventor. Saying, “The machine is good, and 
I shall make it my business to prove it,” Cyrus took up the 
task left unfinished by his father. He improved the cutting 
bar, and toward the close of that same season tried the 
machine again on a piece of oats that had been left standing 
on his father’s place. It worked so well that young McCor- 
mick knew he was on the right track. There would be no 
other opportunity to make a test for a year, so the young 
inventor spent the winter in improving the machine in every 
way he could imagine. By the following summer he had a 
much better reaper, he thought, and so it proved. It was 
with this machine that he made the test and won the triumph 
about which I have already told you. 
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In 1834, he took out a patent, but, although his machine 
would reap twelve acres of grain a day, no one would buy 
it. The farmers of those days were not mechanics, and they 
thought the machine too complicated and too likely to get 
out of repair for them to operate. They preferred the back- 
aching work of cradling and binding by hand. 

He sells his first machine. Not for six years after he had 
taken out his patent did McCormick sell a machine. Then 
one day in 1840 a man rode up to his door and offered him 
fifty dollars for a reaper. In that same year he sold two 
more to farmers over on the James River. Each year the 
number increased until in 1844 he sold fifty. In the mean- 
time he had raised the price to one hundred dollars. The 
old blacksmith shop became a hive of industry. McCormick 
and his brothers were building one reaper a week, and the 
business was growing rapidly. 

In a short time orders began to come from the states of 
the Middle West. Transportation was slow and expensive 
in those days, and often the reapers did not reach their des- 
tination in time for the harvest. A friend advised McCor- 
mick to move his plant to the West, ‘where the fields are 
large and level, and where labor is scarce.” 

Determined to see for himself, he started on a trip through 
the Middle West. He journeyed northward to New York, 
along the lakes, and to the broad prairies beyond. When 
he saw these fertile plains, he knew that there was the 
place for his reaper. The large crops of uncut grain beck- 
oned him. In many places, for this was the harvest season, 
the scarcity of labor had made it impossible to cut all of the 
grain with the cradle, and the hogs and cattle had been 
turned into the fields to graze. He might persuade a few 
farmers on the rough, hilly lands of the East to buy his 
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reapers, but in the West there would be no argument. With- 
out some quicker means of harvesting their grain, these 
plains could never be developed. 

Moving west. Where should this pioneer of a new indus- 
try locate? That was a puzzling question. The country 
was still young. The great era of railroad building had only 
begun. After much consideration of cities along the iakes 
and of others to the south and west, McCormick decided 
upon the frontier town of Chicago. His keen insight had 
told him that Chicago would be the great railroad and trad- 
ing center of the largest agricultural section of the world. 
He was right. Those were great days in the building of our 
country. I have often thought that I should like to be a 
pioneer in a new land. Have you not also? 

In 1847 McCormick moved his plant to Chicago. The 
mayor of the city, William Ogden, for a half interest in the 
business, supplied him with twenty-five thousand dollars to 
build a factory. For the following harvest they built five 
hundred reapers and fifteen hundred for the next. Then 
McCormick bought out Ogden, paying him back the twenty- 
five thousand dollars he had advanced and twenty-five thou- 
sand more for interest and profits. 

Making improvements. Although the reaper was just 
what the West needed and McCormick’s factory could not 
supply machines fast enough, we should today call it a very 
crude contrivance. It was still necessary for one man to 
walk beside the reaper and rake off the grain into bundles. 
But in 1852 an invalid, named Jearum Atkins, invented a 
revolving-arm attachment, called the “Iron Man,” which 
did this mechanically. McCormick bought the invention 
and equipped his machines with it. 
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Yet the back-aching work of binding the bundles of cut 
grain by hand had not been overcome. Then two brothers 
by the name of Marsh, living at DeKalb, Illinois, built a 
reaper having a platform to stand on and a table to receive 
the bundles of cut grain. Two men riding on this platform 
could bind the grain without bending over and do so just 
as fast as it was cut, three times as rapidly as before. 
It reduced the drudgery of harvesting and cut its cost in 
two. 

But men asked themselves, ‘“Why can we not make a self- 
binding reaper? Why should it be necessary for two men 
to ride on the reaper and bind the grain?” When men be- 
gin to ask questions of that kind, some one usually finds a 
way to meet the difficulty. So it proved in this case. In 
1874 Charles Withington, of Wisconsin, invented a device 
consisting of two steel fingers which moved back and forth 
and twisted a wire band about each bundle. Now the work 
of reaping and binding had been reduced to that of a single 
man or boy with a team and machine. Within the short 
space of forty years a revolution in harvesting methods had 
been wrought. 

There was to be still another improvement. The wire 
bands often got mixed with the straw and into the mouths 
of cattle. Besides, these sharp pieces of wire cut the hands 
of those who handled the grain. Farmers did not like that. 
To meet this difficulty, John Appleby, also of Wisconsin, 
perfected a twine binder. Deftly its steel arms would pass 
a cord about a bundle of grain, tie the knot, cut the cord, 
and throw off the bundle. That is the reaper which we have 
today. It is a wonderful mechanism, almost human in 
its skill. 

Other inventions. I have already told you of the com- 
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bined harvester and thresher. It cuts a swath twenty-five 
feet wide and will reap, thresh, clean, and sack nearly one 
hundred acres of grain in a day, and at a cost of less than 
fifty cents an acre. 

Hitching devices make it possible for a single tractor to 
haul two or more reapers. Control devices enable the man 
who sits on the reaper seat to operate the tractor. 





Fic. 49. A COMPLETE HARVESTER 


This great machine, drawn by thirty to forty horses or more often by 
a tractor, will reap, thresh, clean, and bag from seventy-five.to one hundred 
acres of grain in a day. 


To supply the binding twine used in the United States has 
meant the building up of a business which has an output 
worth many millions of dollars a year. 

Thousands of men and women are engaged in manu- 
facturing harvesting machinery and handling grain. At 
Minneapolis, St. Paul, and Duluth, huge elevators hold- 
ing several million bushels each have been built to store 
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the grain until it is needed at the mills where it is ground 
into flour for use by people the world over. 

Now you understand why I said at the beginning that 
McCormick’s first demonstration nearly a century ago was 
one of the great triumphs of American invention. 


CHAPTER XII 
SUNLIGHT—THE MASTER ARTIST 


Tue other day I opened one of the windows of my class- 
room and pulled down the black heavy shades of all of them, 
making the room perfectly dark. Then, with a large needle, 
I made a small hole in the curtain of the open window. 
Outside the sun was shining brightly. Holding in front of 
the opening in the shade a large square of white cardboard, I 
obtained for my class a beautiful image of the landscape be- 
fore us. There was the flag pole and floating to the breeze 
“Old Glory” in all its colors. The green grass, the long 
winding drive with its white stone posts, and beyond, 
nestled between the hills, the two ponds on which the boys 
skate in winter showed with wonderful clearness. ‘The color- 
ing appeared as perfectly as if we were viewing it through 
the open window itself. The sunlight reflected from this 
scene had painted for us a picture more accurately than the 
most skilful artist could draw. 

There is one peculiar thing about this image. It is upside 
down. But that is just the sort of image the photogra- 
pher gets when he puts the black cloth over his head and 
looks at the picture on the ground-glass plate at the back 
of his camera. We call such images “real images,” and they 
are always inverted. Maybe some of you have put the slides 
into a projection lantern, when your teacher has been show- 


ing pictures. If so, you know that the slide must be put 
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into the holder upside down, if the image is to be right side 
up on the screen. 

You can easily repeat this experiment for yourself and 
obtain such pictures. In order to show them, the room 
must be fairly dark. 

The first camera. Many years ago, nearly four centuries 
in fact, an Italian philosopher, named Battista Porta, by 
accident discovered that he could obtain beautiful pictures 
of the outside scenes upon the opposite wall of his room. 
Porta was delighted with the discovery and invited the 
populace of Naples to his home to see these wonderful sun 
pictures. In a short time he had devised a light-tight box 
with a pinhole opening in one end, and opposite to it a 
ground glass screen. Using a black cloth, just as a photog- 
rapher does, he obtained inverted images of whatever he 
pointed his camera at. He called his invention the camera 
obscura, Substituting a lens for the pinhole, he was able 
to obtain a sharper image. Then, by use of a mirror tipped 
at just the right angle, in place of the ground-glass plate, he 
threw the image down upon a table top where it could be 
viewed right-side up. 

This was considered a wonderful discovery. Even today 
I find the pupils in my classes just as interested in these 
sun pictures as the people of Naples were in that long ago 
time. Still, it was nearly three hundred years before modern 
photography made it possible to print these pictures. The 
story is an interesting one. 

Making the sun print pictures. Before real photography 
could come, it had to be discovered that the sun’s rays pro- 
duce chemical effects. You know that sunlight some- 
times causes colored fabrics to fade and old newspapers to 
become yellow. Well, these changes are due to the chemical 


THE MASTER ARTIST 173 


effects of sunlight. Every year I show my chemistry classes 
the fragments of a heavy, thick-walled battery jar. One 
day I placed under this jar in a darkened room a small flask 
containing a mixture of hydrogen and chlorine gases. In 
front of the jar I put a small heap of flash powder and be- 
tween that and the jar a large glass screen. Then I ignited 
the powder and at once there was a dazzling light and a 
violent explosion. When I raised the curtains, I found that 
both the flask and the battery jar had been shattered. The 
chemical rays of the blinding flash of light had caused the 
two gases to unite with explosive violence. In just the same 
way sunlight produces chemical changes in the materials on 
a photographic plate. 

Maybe the alchemists learned that sunlight will affect 
silver salts, the chemical compounds used on a photographic 
plate. It was not, however, until a little more than a hun- 
dred years ago that Wedgwood, the son of a famous Eng- 
lish potter, and the renowned Sir Humphry Davy turned 
this bit of information to practical account in the printing 
of pictures. They covered a sheet of white paper with a 
solution of a chemical compound called silver nitrate, and 
laying upon it a leaf or a fern exposed them to the sunlight. 
In a short time the paper had darkened everywhere except 
underneath the leaf or fern. In this way they obtained 
a silhouette, a perfect outline of the object. But, to their 
disappointment, the paper blackened all over when it was 
exposed to the light. They had no way of “fixing” the 
print. These were the first sun-pictures ever printed, but, 
before real photography could come, other discoveries were 
necessary. 

Daguerre and Niépce. Two Frenchmen took the next 
step. One day Louis Daguerre, a French scene-painter, ex- 
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claimed, “I have seized the light! I have arrested his flight! 
the sun himself in future shall draw my pictures!” 


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Fic. 502. LOUIS JACQUES DAGUERRE 


In a rare moment of discovery, this gifted Frenchman learned the secret — 


of making permanent the pictures which the rays of the sun imprint on 
the camera plate. 


For a number of years both Niépce and Daguerre had 
been interested in discovering some method of fixing the 
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image of the camera obscura by means of chemicals. After 
a time they formed a partnership. Niépce had actually suc- 
ceeded in making some rather crude prints. On a metal 
or glass plate he spread a thin layer of sticky stuff called 
asphalt. Then, placing this plate in the camera obscura, 
he focused the image of some object upon it. After several 
hours he removed the plate and immersed it in an oil. The 
oil developed the picture by dissolving the asphalt except 
in those places which had the image focused upon them. 
Not much of an image we should say, but it was a be- 
ginning. 

Daguerre, too, had been experimenting. He had sensi- 
tized a silver plate, that is, produced a chemical compound 
sensitive to light upon it, by exposing it to the vapor of 
iodine. Placing this plate in his camera, he had focused 
upon it for several hours the image of an object. Upon 
removing it, however, he could see no change. Discouraged, 
yet hopeful, Daguerre put the plate in a cupboard where 
it remained until the next day. Great was his surprise and 
delight the next morning to discover that his silver plate 
possessed a beautiful picture. Something had happened, 
but what it was he did not know. He felt himself to be on 
the verge of a great discovery and, indeed, he was. Daguerre 
quickly prepared another plate and, after exposing it in 
his camera, placed it in the cupboard. You can imagine 
the feelings with which he opened the cupboard the follow- 
ing day, and his joy at finding another beautiful image. 

Daguerre determined to unravel, the mystery. In his 
cupboard were a number of chemicals. Surely, some of 
these must have produced the change. He thought it must 
be some vapor. So, he heated each chemical separately 
and exposed to it a prepared silver plate. At length he dis- 
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covered that it was the vapor of mercury which had pro- 
duced the change. This was the discovery which made 
real photography possible. When he placed an exposed sil- 
ver plate face down over a warmed dish of mercury, the 
mercury vapor was absorbed by those parts of the plate 
which had received the image of the object. 

Many of you have seen these old ‘“daguerreotypes.” They 
are now family heirlooms, pictures of people who lived a 
generation and more ago. You know how you must get the 
light upon them just right in order to see the image. I have 
a beautiful daguerreotype of my great-grandmother, one of 
the first to be made in America. The first daguerreotypes 
were made about 1840. Paris went wild over these new pic- 
tures. Some thought there would no longer be any need 
for the art of painting. These pictures, however, cost 
several dollars apiece, and only a single picture could be 
made from one sitting. Then, too, it required an exposure 
of several minutes for a picture. I can imagine a group 
of young people keeping still without a giggle or a smile for 
ten minutes, while the photographer catches them on the 
plate! 

As we have seen, the great difficulty with Davy’s simple 
process was the “fixing” of the image so that it would not 
disappear. Daguerre did this with common salt. He placed 
his developed plate in a solution of it to remove the silver 
salts which had not been affected by the sunlight. We do 
the same thing now, except that we use sodium hyposulfite, 
called simply “hypo,” instead of salt. 

Another discoverer. About this time William Henry Fox- 
Talbot, an Englishman, discovered a process for making 
“negatives.” Many of you have Kodaks, and I hope you 
have the fun of doing your own developing and printing. 


’ 
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If you do, you know how queer the pictures look as you run 
the film through the developer in the dark room. When 
these are fixed, washed, and dried you have negatives. The 
lights and shades are just the opposite of what they were in 
the original and of what they will be in the finished “posi- 
tive.’ You of course know that you can make as many 
positives from one negative as you like. 

It was William Henry Fox-Talbot who discovered this 
process of making negatives. He used paper instead of a 
metal plate for his original picture, and waxed it so as to 
make it translucent, that is, to allow light to pass through it. 
At first his pictures were very faint. Then he made a 
discovery as fortunate as Daguerre’s lucky accident. One 
day, one of these pieces of paper which had been exposed 
in his camera happened to come into contact with a solu- 
tion of gallic acid. Immediately the details of the picture 
began to come out with wonderful distinctness. Before, he 
had used no developer. He did not know that one was 
needed. He was stumbling in the dark for some way to im- 
prove his pictures, and at length he found it. Now, by 
placing his exposed paper in a solution of gallic acid, he was 
able to reduce the time of exposure to three minutes. That 
was a great gain. 

His first picture was a negative. But by placing this on 
another piece of photographic paper and exposing and de- 
veloping the paper, he obtained a positive. And the impor- 
tant fact was that he could obtain as many positives from 
one negative as he liked. 

Making a negative and a positive. I think you will be 
interested in knowing just what happens in making a 
negative and a positive. When we focus the image of an 
object upon a film in a camera, chemical changes are pro- 
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duced wherever the light strikes the film. The parts of the 
film which have focused upon them the light portions of 
the object will receive a good deal of light and experience 
a good deal of chemical change. In the dark portions of 
the image there will be but little chemical change produced 
in the film. As you know, when this film is taken out in 
the dark room nothing seems to have happened to it. The 
changes are there but you cannot see them. They need 
developing. So, we run the film back and forth through a 
solution, called a developer, which simply continues and 
completes the changes which were started by the sunlight. 
This consists in depositing metallic silver in a very thin 
layer on those portions of the film which were affected by 
the light. That will make them dark, just the opposite of 
the original for silver in this form is not white. 

The portions of the film having the dark parts of the 
object focused upon them will have little if any silver 
deposited. That is, they will appear light, or again the 
opposite of the original. We now run the film through clean 
wash water for a moment or two, and then immerse it in a 
“fixing” bath to remove all the silver salts which have not 
been affected by the sunlight. Then we wash the film and 
dry it. We now have a negative which will not be affected 
by the light when we take it out of the dark room. As we 
hold it up to the light and look at it, we find that it is trans- 
parent, except in those places which have deposited upon 
them metallic silver. They are dark, but in the original 
they were light. 

To get a positive we must reverse these lights and. shades. 
In the red light of our dark room, we place in the back of 
the printing frame a piece of photographic paper. Over it 
we lay the negative and clamp the two in place with a plate 
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of glass. We hold the frame a short distance in front of 
an electric light and make an exposure of several seconds. 
This time the light cannot pass through the dark portions of 
the film, but it does pass readily through the light portions. 





© Courtesy Eastman Kodak Company 


Fic. 51. A NEGATIVE AND A POSITIVE 


Note that the little girl’s dress is black in one part of the illustration 
and white in the other. On the left we see the negative, the first picture 
obtained. On the right is the positive printed from it. 


Now when we develop and fix this print, do you not see 
that the picture will be just the opposite of the negative and 
therefore like the original? 

Maybe you wonder why we use the red light in a dark 
room. Of course ordinary light would ruin the film or 
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print paper by setting up chemical changes all over it. You 
know that sunlight is composed of all the colors of the 
rainbow. You can see these colors when you look through 
a three-cornered piece of glass. It has been found that it 
is the violet rays which affect a photographic plate. The 
red rays have no chemical effects. When we use a red light 
we are screening out the chemical rays, and our photo- 
graphic paper is perfectly safe. 

Other discoveries. Still, three minutes was a long time 
for an exposure. I am sure we should think so if we had 
to hold our faces perfectly straight that long to get a picture. 
Up to this time silver iodide was the salt used in making 
photographic paper. But in 1870 silver bromide, the salt 
used altogether now, was substituted by John F. Goddard, 
and the time of exposure was reduced to twenty seconds. 
Next the silver salts were mixed with collodion, ordinary 
“new-skin.” This mixture was spread upon glass plates 
for the negatives and on special paper for the prints. This 
still further shortened the time, but at first it was necessary 
to make the exposure while the chemicals were wet. This 
was very troublesome, as you may imagine. Just suppose 
that every time we wished to take a picture it were neces- 
sary to prepare in the dark, or by the light of a ruby lamp, 
a wet plate or piece of paper, and make the exposure before 
it could dry! I do not think there would be much amateur 
photography. But by 1879, the dry plate had been devel- 
oped. A mixture of gelatin and silver bromide is heated 
to the temperature of boiling water and spread on a plate, 
film, or piece of paper. When dried, it is ready for use. 
All such photographic materials are, of course, prepared in 
the rays of red light. 


Plates prepared in this way were found to be very sensi- 


THE MASTER ARTIST 181 


tive. The time of exposure in the camera was now reduced 
from ten or fifteen seconds to a small fraction of a second. 
The flash of artificial lightning, shown in Fig. 73, lasted 
but a hundred-thousandth part of a second, and yet that 
exceedingly short space of time was enough for the light 
to draw its picture. Think of the marvelous accuracy 
with which it is done! Every detail stands out with per- 
fect exactness. The eye of the camera “sees” everything 
that is before it and nothing that is not. What would 
Battista Porta and Wedgwood and Davy and Niépce and 
Daguerre and Fox-Talbot think, if they could know the 
wonders of modern photography? 

Uses of the camera. I do not need to tell you many of 
the uses of the camera. But possibly you do not know of 
its wonderful use in the study of the heavens. A photo- 
graphic plate placed at the eyepiece of a large telescope 
brings to view thousands of stars which would be totally 
invisible to the eye alone. As we have seen, the telescope 
and observatory dome move with the stars and keep a single 
portion of the heavens in the field of vision for hours at a 
time. In this way the faintest stars and nebule may be 
photographed, as well as any of the brighter heavenly 
bodies. Is it not marvelous to think that the light which 
produces these chemical changes in the photographic plate 
has been traveling earthward sometimes for thousands of 
years? 

Have you ever seen lantern slides of lonely mountain 
peaks and distant bits of scenery, of birds and animals in 
their native haunts, of the minute details of some noted 
piece of architecture, and wondered how the camera-man 
ever got near enough to take them? Well, he does it with 
a telephoto camera. It is really a camera and a telescope 
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combined. It brings objects many miles away within easy 
range of the sensitive photographic plate. 

In the World War the camera was of tremendous im- 
portance. Airplanes equipped with it took pictures of 
the enemy positions which were quickly developed and 
made into lantern slides to be thrown on the screen. 
Cameras with two lenses so placed as to give the same 
effect that you get with a stereoscope were actually able to 
penetrate the enemy camouflage. 

A camera attached to a microscope gives us microphoto- 
graphs of minute objects magnified three thousand times. 

The camera itself. The camera itself has undergone 
wonderful changes. The first instrument was simply the old 
camera obscura with a lens substituted for the pinhole. The 
first images were warped, shrunken, and distorted. Then 
hands and feet in these pictures were of gigantic size. Every- 
thing was out of perspective. Today, if you examine the 
lens system of a modern camera, you will find a wonderful 
combination. Every distortion is corrected, and the image 
produced, as you know, is true to life. 

The making of these lenses is a work of art. The skilled 
artisan, working at motor-driven machines, carries the 
grinding to an accuracy of one fifty-thousandth of an inch. 
Each lens is given a most critical examination, centered in 
a lathe, and mounted. 

Yes, I am sure you will agree—sunlight is the master 
artist. 


CHAPTER XIII 


TAPPING THE RUBBER TREE 


Do you know that there are today more than fifty thou- 
sand articles made wholly or in part of rubber? Let us 
name just a few of them. You probably cut your first teeth 
on a rubber teething-ring, played with a rubber rattle-box, 
and got your first lessons in the great American sport of 
baseball by rolling a big rubber ball across the nursery 
floor. The wheels of your baby carriage were tired with 
rubber. Your stockings are held up with rubber elastics. 
Most boys have had experience with rubber suspenders. 
Your bicycle rolls on cushions of rubber. So does your 
parents’ automobile. You walk on rubber heels. Your 
overshoes are partly of rubber. Indeed, we simply call them 
“rubbers.” Your fountain pen may be of hard rubber. 
Your water-proof coat is quite likely of rubber or rubberized 
cloth. Your tennis ball is chiefly of rubber. The buttons 
on your clothes and the girls’ hairpins and combs are largely 
of rubber. You use rubber tubing in your home-laboratory 
outfits. How should we sprinkle our lawns and gardens, 
wash our cars, and hurl great streams of water in times of 
fire without the miles and miles of rubber hose? Rubber 
belting transmits power from steam engine and electric 
motor to turn the wheels of industry in the workshops of 
the world. 


Yes, rubber has become of tremendous importance in 
183 
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the modern world. I have named only a few of its most 
notable uses. In a single day, one of the big rubber fac- 
tories of the United States works up one hundred and 
seventy-five tons of raw rubber. This great mountain of 
elastic material is made into fifteen miles of rubber hose, 
covering for sixty miles of insulated wire, sixty thousand 
pairs of rubber heels, fifteen thousand pairs of boots and 
shoes, four thousand water bottles, eighteen thousand 
battery jars, eleven thousand golf balls, seven thousand 
bulbs, twenty thousand tires, nearly a ton of rubber bands, 
besides thirty thousand other articles. All this in a single 
day from a single factory! Every year the figures increase, 
for all the while we are learning new uses for this indis- 
pensable material. 

Where rubber comes from. Christopher Columbus not 
only discovered a new continent. He discovered rubber as 
well. When he came to America he found the Indians play- 
ing a game with a sort of magic ball made from the gum of 
a tree. So you see that ball playing was known in America 
even before the arrival of Columbus. The natives also used 
this sticky stuff for dress and ornament. Stories of this 
new substance were among the marvelous tales brought back 
by the discoverers of the new world. 

How many of you know that rubber is an elastic sub- 
stance obtained from the milky juice of certain tropical 
trees, vines, and shrubs? The rubber trees yield the 
juice in somewhat the same way that a maple tree yields 
sap. In the case of the rubber tree, the juice comes from the 
bark, and not from the interior of the tree. The lettuce and 
asparagus of our gardens, the milkweed of our country pas- 
tures, and many other plants the world over yield juices 
which unde treatment will change to rubber. 
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How did rubber get its name? The Indians called it 
“cahuchu.” In trying to pronounce this, the white men 
called it “caoutchouc,” which is still the name of raw rubber, 
that is, before it has been manufactured. Then in 1770 a 
friend sent a rubber ball to Joseph Priestley, who you will 
remember was the discoverer of oxygen. Priestley quickly 
discovered that this new substance would erase pencil 
marks, and so he called it “India rubber,”—India, because 
it came from the West Indies, and rubber, because it rubbed 
off pencil marks. 

That was the first practical use of rubber, and to you 
boys and girls it is still a very important one. What would 
you do without rubber erasers? No one could see at that 
time that rubber was of any real use. Like many other sub- 
stances, it was only a curiosity. 

If you could go back into. the jungles bordering the 
Amazon River of South America, you would find in these 
dense, almost impenetrable thickets two trees called the 
Hevea and Castilloa. These trees growing in the hot, 
humid forests of this tropic region were the world’s original 
source of rubber. In the early days of the industry, and 
before rubber became of such tremendous importance, 
Brazil enjoyed a monopoly of the rubber trade. 

It was in 1876 that a shrewd Englishman, named H. A. 
Wickham, succeeded in obtaining from Brazil a cargo of 
seeds from the Hevea tree. These he planted in the royal 
gardens at Kew, and later transplanted the shoots in Ceylon 
and other British possessions of the East Indies. In this 
way the great plantations of rubber trees began. Now these 
plantations supply nearly ninety per cent of all the rubber 
used. Almost any part of the world lying in a belt extend- 
ing two hundred and fifty miles on either side of the equator 
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Godlee of the B. F. GoLaniel Company. 
Fic. 52. TAPPING THE RUBBER TREE 
This native is making gashes in the rubber tree from which the juice will 
flow into the cup below. 
is adapted to the growing of rubber trees. Prodigious 
quantities of raw rubber may be produced, all that the world 
will ever need. Do not ever be alarmed about a lack of 
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rubber for automobile tires. Gasoline may give out but 
we shall always have rubber. 

There have also been successful attempts to produce rub- 
ber chemically. The method will probably never come into 
use, because the cost of production is so much greater than 
that of natural rubber. 

Obtaining the rubber. Let us follow a band of native 
rubber tappers into the jungles of the Amazon, hundreds of 
miles up the river or along its tributaries. Cutting their way 
through the dense undergrowth, overrun with innumerable 
vines and creepers, and filled with snakes and poisonous 
insects, these natives make their way into the heart of the 
rubber forests. In order to avoid the floods of the rainy 
season, they build their huts on piles high above the water. 
Then, with a sufficient supply of food to last for several 
months, they set to work. 

Rising at four o’clock in the morning, the native goes 
forth into the forest, carrying a small hatchet and a tin 
bucket. He makes two trips over his territory. On the 
first trip, he cuts with his hatchet long gashes, or wounds, in 
the bark of the rubber trees, as shown in Fig. 52, and sets 
a tin cup beneath the gash to catch the juice. On his second 
trip, he collects the juice in his bucket. In all he will tap 
and collect the juice of from seventy to one hundred trees in 
a day. 

After all the juice of the trees is collected for that day, 
he returns to his hut and prepares his breakfast. As he 
does so, he builds a fire from wood and palm nuts, with 
which to obtain a dense cloud of smoke. When his morn- 
ing meal is over, he begins the main part of the day’s work. 
This consists in thickening, or coagulating, the milk of the 
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rubber trees which he has gathered. The work must be 
done immediately, to keep the juice from spoiling. 

In carrying out this process, the native dips a wooden 
paddle into the juice and then slowly rotates it in the smudge 
of smoke from his fire. This drives out the water and leaves 





Courtesy the B. F. Goodrich Company. 


Fic. 53. THICKENING THE RUBBER JUICE 


After the juice has been gathered it is thickened in a dense smudge of 
smoke into a ball of firm rubber weighing nearly one hundred pounds. 


the rubber in a solid mass. Over and over, he dips his 
paddle in the juice and repeats the process. When the ball 
of rubber becomes so large that he can no longer easily 
handle it, he rests the ends of the paddle in notched sticks 
on either side of the fire and slowly turns it, at the same time 
pouring on more juice. (Fig. 53.) 
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As the result of a day’s work, the native obtains a ball of 
rubber weighing about sixty to eighty pounds. It is said 
that it has the odor of old Virginia ham. Bitten by mos- 
quitoes and insects and with sore eyes and inflamed face 
from the smoke of the fire, he then crawls into his hammock 
and rests for the remainder of the day. 

When we glide easily along in our automobiles on cushions 
of rubber, how many of us think of the hardships which 
these poor people endure in order to make possible our 
pleasure? 

The problem of making rubber useful. Before we go on 
with the manufacture of rubber, you ought to know some- 
thing about one of the greatest discoveries in the history of 
invention. It was the process which made rubber goods 
possible and which was the means of establishing a number 
of important industries. This secret was wrenched loose 
from its hiding place by Charles Goodyear in 1839, and is 
known as the vulcanization of rubber. Without this knowl- 
edge, rubber would have remained a useless, sticky mass. 
Just think of the many articles which we should be com- 
pelled to do without, if Charles Goodyear had not perse- 
vered through poverty, misfortune, and unjust imprisonment 
until he had succeeded in changing raw rubber into a soft 
pliable substance which would neither stiffen with the cold 
of winter nor soften in the heat of summer. 

Charles Mackintosh and Thomas Hancock of England 
were the pioneers in the rubber industry. They made rub- 
ber goods of many kinds. Some waterproof coats are even 
now called “mackintoshes,” after the man who first made 
them. These articles were attractive and useful in moder- 
ate weather, but in winter when first made they stiffened 
like wood and in summer melted and pulled apart. It was 
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quickly seen that, unless these faults could be overcome, 
rubber would never come into great use. 

About Goodyear. Even as a lad Goodyear had been in- 
terested in rubber. He was born on December 29, 1800, 
at New Haven, Connecticut. Goodyear’s father was a 
manufacturer of buttons, spoons, clocks, and farming tools. 
Giving up his early idea of becoming a minister, young Good- 
year, at the age of seventeen, went to Philadelphia where he 
spent four years in learning the hardware trade. There 
he became very ingenious in devising new ways for improv- 
ing machinery. He once said, “I long to make poor, clumsy 
things better. They seem to cry out to be improved. I 
should want to do it even if I did not have to earn a 
living.” 

When he was twenty-four, Goodyear opened a hardware 
store of his own in Philadelphia and succeeded in building 
up a large business. Six years later he was forced into 
bankruptcy, because, not having investigated the financial 
standing of his customers, many to whom he had sold goods 
on credit would not pay him. To make matters worse he 
was thrown into prison for debt. But he had his bench and 
tools brought to the jail, and even there he worked on his in- 
ventions and earned money to help support his destitute 
family. ‘Time and again he was released from jail only to be 
imprisoned again for debt. 

Goodyear becomes interested in rubber. One day Good- 
year chanced to drop into the New York warerooms of the 
Roxbury Rubber Company. Picking up one of their life 
preservers, he discovered that the tube for. inflating it, or 
filling it with air, did not work well. Goodyear said nothing 
at the time, but in a few days he returned with a much im- 
proved tube which he offered to sell to the company. At 
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once the company’s agent saw the inventive genius of the 
man and told Goodyear of the difficulties they were having 
with rubber goods in hot and cold weather. He said, “If 
you could only manage to hit upon some way to prevent rub- 
ber from spoiling in hot weather, you might make a fortune 
for yourself and at the same time save our factories from 
failure.” 

That was just the stimulus Goodyear needed. From that 
moment rubber crowded every other thought from his mind. 
He determined to solve the problem of making rubber 
durable and useful, and we may all be thankful that he did. 

He began to experiment in his wife’s kitchen, rolling out 
the elastic gum into thin sheets backed with flannel. This 
rubberized cloth he made into shoes and other articles, but 
there was the same old trouble, they stiffened with the cold 
and melted with the heat. Surely there must be some way, 
he thought, to overcome this difficulty. 

Thinking that the stickiness of the rubber might be due 
to the turpentine with which it was mixed, he obtained 
rubber free from this liquid, only to find that it made no 
difference. 

Goodyear’s friends began to lose faith in him, and poverty 
compelled him to sell furniture and even keepsakes to pro- 
vide the bare necessities of life. His wife, too, helped by 
spinning and weaving linen. Still, Goodyear would not give 
up. At one time, in order to obtain money to purchase 
rubber for his experiments, he sold the schoolbooks of his 
children. But Goodyear worked on, all day and far into 
the night. 

One day during his constant experimenting, he happened 
to touch a little nitric acid to a piece of rubber. Later he 
noticed that the stickiness was gone. “Perhaps,” he said, 
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“this is my chance, my door of opportunity if I can learn to 
fit the key.” In a short time he had developed the acid-gas 
process, by which he could make a good quality of rubber 
aprons, table covers, and articles using only thin sheets of 
material. So nearly did his problem seem to be solved that 
William Ballard, a business man of New York, went into 
partnership with him to manufacture rubber goods. But 
the business panic of 1836 made Mr. Ballard a bankrupt, 
and nothing except disappointment came of this venture. 

Pawning a few more articles of furniture, borrowing from 
friends and relatives, almost begging, Goodyear persisted 
in his quest. The problem baffled him, but he could not get 
away from it. Often in the middle of the night he would 
waken his wife to take down directions for new experiments 
which had been born in his active mind in hours when he 
should have been asleep. 

The discovery. In the winter of 1837, Goodyear’s skies 
brightened for a time. He licensed the right to use his 
acid-gas process, and he began to make and sell articles 
of fairly good quality himself. About this time, too, he be- 
came acquainted with Nathaniel Hayward, of Woburn, 
Massachusetts, who told him to mix sulfur with rubber gum 
and expose the mixture to the sun’s rays. This seemed to 
cure the rubber and leave it free from all stickiness. Hay- 
ward patented the process and Goodyear bought the patent. 
Although there were still bitter years of poverty and dis- 
appointment ahead, this was a turning-point in his career. 

Goodyear applied the process and obtained thin sheets of 
excellent quality. He immediately took a large order for 
rubber mail-bags from the Postmaster General of the 
United States. After making the bags, he hung them up in 
his shop to test their qualities before delivery and went 
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Possibly no other man in the history of invention suffered more for his 
never-failing faith in a great idea or won a more splendid victory than 
did Charles Goodyear, 


193 


194 THINKERS AND DOERS 


away on a vacation. Imagine his dismay when upon his 
return he found the mail bags a mass of ruins upon the 
floor of his shop. 

Surely there was some further secret which he must dis- 
cover. He felt sure that sulfur was the substance to use in 
curing rubber, but how this was to be done, puzzled him. 
Then of a sudden the solution came. One day he accident- 
ally brought a mixture of rubber and sulfur in contact with 
a hot stove. To his surprise it did not melt, but charred 
like leather. At length he had found the long-sought secret! 
He heated a mixture of sulfur and rubber to a high tem- 
perature and nailed the gum outside the door in the intense 
cold of winter. The next morning, he found, to his great 
delight, that the rubber had not stiffened with the cold. It 
was still soft and pliable. Furthermore, it did not melt 
with heat. Here was a discovery for which the world had 
long been waiting. Still men were slow in recognizing its 
value. 


This was in the winter of 1839. Goodyear called his 
process vulcanization. Not satisfied, he continued to experi- 


ment until he had learned just what mixtures of sulfur and 
rubber and what temperatures produced rubber of the best 
quality. He patented the process and began to license the 
right to use it. Misfortune seemed to pursue him, however, 
for even when he stood on the very threshold of success, he 
was once more thrown into prison for debt. But in a short 
time the profits of his discovery enabled him to pay off every 
dollar he owed, and to establish his family in a comfortable 
home. Goodyear’s remaining years were not all sunshine. 
He was compelled to prosecute men who tried to use his 
patent without securing the right to do so, and he made and 
lost a fortune. Nevertheless he died happy in the knowledge 
that he had made a great discovery for the world. 
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The rubber industry. Today the rubber industry is one 
of the largest in the world. The storage cellars of one of 
the large rubber companies frequently contain more than 
two million dollars’ worth of raw rubber. 

In the present-day manufacture of rubber, the chemist 
plays a big part, just as he does in many other industries. 
In the laboratory, working over his test tubes and beakers, 
he must discover just what mixtures of ingredients will be 
best for each different kind of rubber. You would be sur- 
prised to know the large number of substances which go into 
the many varieties on the market. A few of them are 
asbestos, zinc oxide, mica, talc, china clay, asphalt, camphor, 
chalk, charcoal, pumice, soapstone, pitch, sawdust, shellac, 
sand and starch. 

In the factory the raw rubber is washed for several hours 
in vats of hot water, to free it from dirt. Then it is put 
through “cracking” mills, to chew it up into pieces which 
can be more easily handled. Next the rubber is thoroughly 
dried, after which it is kneaded between the mammoth jaws 
of huge mills until it has lost its elasticity and has become 
much like putty. It is now mixed with the various in- 
gredients necessary for the particular kind of rubber that is 
to be made, molded into shape, and finally baked in a vul- 
canizing oven. The process has been reduced to a science 
and practically any desired quality of rubber can be 
obtained. 

In future, whenever you see any article made of rubber, 
I want you to think of the discoveries which have made it 
possible, and the many processes through which the rubber 
has passed, from the tapping of the tree to the final vulcan- 
ization of the finished product. 


CHAPTER XIV 
THE AGE OF STEEL 


THE day in which we live has often been called the “Age 
of Steam,” the “Age of Electricity,” and the “Age of Ma- 
chinery.” It is of course all of these and more. For a little 
while I want you to imagine that this is the “Age of Steel.” 

Did you ever think for a moment how important iron 
and steel are, even to you? The knife in your pocket, your 
skates, the delicate hairspring of your watch, your hatchet, 
the tools in your shop, your Erector or Mecanno set, your 
electric locomotive and railroad system, and many other 
articles are made of steel. You could not get along without 
it. Steel is more valuable to you than gold. Do you know 
that a pound of steel may be worth more than a pound of 
gold? The small balance wheels for watches that may be 
made from a pound of steel are worth twenty-five thousand 
dollars, a much larger sum than the value of a pound of gold. 
I wonder if you can prove the truth of this statement. 

It is in the world of industry that steel rules like a 
monarch. Let me show you how important it is. To do 
so I shall name some of the important products that 
are made of steel. The railroads that span the continents, 
the floating palaces that bridge the seas, the locomotives 
that laugh at time and space, the huge skyscrapers of our 
cities, the big guns and armor plate of the world’s proudest 
navies, the revolutionizing machinery of agriculture and the 
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pursuits of peace, the big bridges like Brooklyn Bridge and 
that at Niagara, our electric dynamos and motors, our steam 
turbines, the multitude of machines that fill the workshops 
of the world, and the millions of nails and bolts and nuts and 
screws that hold things together—all these and many more 
are largely wrought of steel. Fingers of steel spin and weave 
the fabrics of the world. Furnaces of steel smelt the ores 
from the mines. Steel is drawn into millions of miles of wire 
and rolled into acres of sheet steel. It is the foundation of 
modern industry. 

If the supply of steel were cut off even for a short time, 
factories would close and great numbers of men would be 
in idleness. But steel is more than all this. Steel is the 
symbol of power. That nation which controls it in largest 
quantity will dominate the commercial life of the world. 
That nation at the present time is the United States. Steel, 
and yet more steel, is the never-ending cry of practically 
every industry and every nation of the world. Let us learn 
something about how it is made. 

A visit to a steel plant. A number of years ago I lived in 
Pueblo, Colorado, known as the Pittsburgh of the West. 
Located there are the largest iron and steel plants west of 
the Mississippi River. I used to delight in going out to 
the great fiery furnaces and in watching the process of chang- 
ing the ore from the mines into the finished products of iron 
and steel. If you like, we will take a trip through the plant. 

We shall start with the blast furnaces, for it is there that 
the process begins. In Fig. 55 you see a diagram of such 
a furnace. Every bit of iron and steel used in the manu- 
facture of anything, from the delicate hairspring of a watch 
to a giant locomotive, must come from the ore which passes 
through the blast furnace. Presently, we see a row of these 
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furnaces. They look like giant towers, each nearly one 
hundred feet high and twenty feet in diameter. At one side 
is a huge elevator for hoisting to the top of the furnace the 
charge of ore, from which the iron will come and the coke 
and other materials required for its preparation. We enter 
the building about the bottom of the furnace and notice a 
huge, horseshoe-shaped pipe encircling the tower. It is from 
this that a powerful blast of hot air is blown up through the 
seething mass of molten iron and melted rock to keep the 
furnace fires burning. Thus we call it a blast furnace. 

Let us see just what happens in this furnace. First we 
will go outside and examine the ore, piled in great heaps as 
it was brought by rail from the mines. The lumps of rock 
are of various colors, but the richest ore is of a dark red 
color. Unless you knew, you never would suspect that this 
pile of stones is rich in iron, but simple chemical tests 
show that it is. Now, how is the iron to be separated? That 
seems a baffling problem. So it proved for many centuries. 
Let us see what the other materials are. In great mountain- 
like heaps are hundreds of tons of steel-gray coke, which 
you know burns with a fierce heat. There are still other 
great heaps of limestone rock and ordinary sand. A curious 
mixture, no doubt you think, from which to obtain streams 
of molten iron and huge quantities of finished steel. Yet 
every twenty-four hours each furnace swallows up eight 
hundred tons of ore, four hundred tons of coke, and two 
hundred tons of limestone and sand, and turns out from the 
bottom four hundred tons of molten pig iron. 

The ore is a chemical compound of iron and oxygen, 
mixed with rock and other earthy substances. ‘This blast- 
furnace process, which we call smelting, removes the iron 
from these substances. First the coke burns, producing 
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enough heat to melt the entire contents of the furnace. The 
oxygen of the ore then unites with the hot coke and gases of 
the furnace, leaving rivulets of molten iron, which make their 
way to the well at the bottom. The limestone and sand melt 
together, making a glassy substance called flux which dis- 
solves all of the rock and earthy matter and flows to the 
bottom, where it floats upon the top of the heavier iron as 
slag. Everything which enters the furnace leaves it either as 
liquid iron and slag at the bottom or as hot gases from the 
top. These hot gases will burn and are used to heat the 
blast of air before it is blown into the furnace. They are 
also used as fuel about the plant. 

Tapping off the iron. If our visit happens to be timed 
right, we shall see the tapping off of the molten slag and iron. 
It is a brilliant spectacle and is alone well worth a trip to 
the plant. The blast furnaces which I visited were built 
near the edge of a sand bank having a vertical drop at this 
edge of five or six feet. At the foot of the bank ran a narrow 
railroad on which small engines drew up cars carrying huge 
kettles, called ladles, to receive the iron and slag. 

We watch the men and see them make a shallow trench 
in the loose sand from the bottom of the furnace over to 
the edge of the bank. Presently they remove the upper 
plug from the furnace well and out gushes a stream of slag. 
It is really molten rock, white-hot from the heat of the 
furnace. It flows in a stream over the edge of the bank and 
tumbles like a cataract into one of the waiting ladles. 
When all the slag has been drawn off and the stream stops, 
the engine draws its liquid load away to be poured out to 
harden. This slag is largely waste, but it is sometimes 
broken up and used for railroad ballast. 

|. When the last of the slag has been drawn away an engine 
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draws up another ladle and we turn to see the men remove 
the lower plug from the iron well. Immediately there flows 
out a torrent of dazzling brilliancy, and a stream of molten 
iron, flowing as freely as water, slips over the edge of the 
bank and falls in a cascade into the ladle. Fifteen tons of 
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This white hot iron which flows like water from the well of molten 
iron at the bottom of the blast furnace, will be taken directly to the 
Bessemer converter (see Fig. 57) in which it is changed into steel. 


pig iron are drawn off in a few moments, and the engine 
steams away with it to the Bessemer converter where it will 
be quickly changed into steel. 

What happens to the pig iron. Following after the en- 
gine, we hurry across to the big converters, for there we 
shall see a truly wonderful spectacle. As we go along, let 
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me say that the product of the blast furnace is called pig 
iron. It is the most impure kind of iron. It contains from 
five to ten per cent of carbon, phosphorus, sulfur, and sili- 
con. These elements make the iron brittle and give it a 
low melting point. Because of its low melting point, as 
compared with steel and wrought iron, pig iron is easily 
molded, and for that reason it is often called cast iron. To 
make steel these impurities must be burned out, and that is 
what is done in the Bessemer converter. 

In a few moments we find ourselves inside a large building 
of steel construction and see before us a number of huge 
egg-shaped crucibles, each about twenty feet high and nine 
feet in diameter. Each crucible is mounted on two pro- 
jecting pivots or axles, called trunnions, one of which is hol- 
low and connected with a powerful nlc engine. 

| Presently the engine with the ladle of pig iron draws up, 
the crucible is turned on its trunnions into a slanting posi- 
tion, am immense crane reaches down, and, picking up the 
ladle as easily as-though it were a pail of water, swings it 
to the crucible’s mouth and pours out its liquid contents. 
At once the crucible is brought into a nearly upright posi- 
tion. Then, of all the brilliant spectacles and deafening 
noises we have ever heard, this surpasses everything. It 
seems like a million Fourth of July celebrations rolled into 
one. A terrifying roar, a great sheet of flame, and a hail- 
storm of hot cinders falling about us make us wonder if, 
after all, the earth has not opened up in an outburst of 
volcanic fury. Gradually the flame grows smaller, then 
almost disappears; the tempest passes, and quiet reigns. 

Again the crucible is turned into a slanting position and 
we see men add several hundred pounds of a black substance, 
which we are told is a metallic alloy rich in carbon, Turn- 
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A powerful blast of air blown into this fiery crucible burns the imputi- 
ties from its contents of fifteen tons of molten pig iron in as many 
minutes. 
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ing the crucible back into the upright position, the “blow” 
is put on for a few moments to mix the carbon with the 
iron and make it into steel. Then we see this huge crucible 
pour out its liquid product into a waiting train of cars carry- 
ing molds, as easily as water is poured from a pitcher into a 
row of tumblers. 

Fifteen minutes have passed since the blow began, and 
fifteen tons of pig iron have been changed into steel. Dur- 
ing the process the impurities have been burned out of the 
iron and a certain percentage of carbon has been added. 
This is steel. 

Another process of making steel. Most of the world’s 
steel is now made in what are called open-hearth furnaces. 
The process takes longer and costs more, but the steel is of 
a better quality, more dependable and less liable to break 
under heavy strains. Still the chemical changes which 
occur are the same in one process as in the other. 

What happens to the steel. From the converter we hurry 
to the rolling mill to see what happens to the steel which 
has been poured from the crucible’s mouth. After a time the 
liquid steel in the molds cools and hardens into huge bars 
or blocks called ingots, still white hot. At the rolling mill, 
we see a Crane reach down and strip the mold from one of 
these ingots. Quickly casting the mold aside, the crane 
grips the top of the ingot between its jaws and swings it 
onto the rapidly turning rollers. Onward it moves and in 
a moment passes between the forms of two immense rollers 
which with tremendous pressure squeeze this ingot into a 
longer and smaller shape. Back and forth it goes through 
roller after roller, constantly becoming longer and smaller. 
Then we see it begin to take the shape of a steel rail, and, 
before we hardly realize what has happened, this huge 
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ingot has been turned into a great length of railroad iron 
and is being hurried to the cooling shed. Here it is sawed 
into rails of the proper length. 

In other parts of the mill we see steel being rolled into 
sheets, drawn into wire, made into nails, hammered into 
particular shapes, and tempered for the manufacture of 
cutting tools. Besides we see many other processes which 
fit steel for the multitudinous uses to which it is put. 

As we pass through this great plant and realize something 
of the vast importance of its product to modern industry, we 
do not wonder that steel has become the symbol of the 
present age. 

Early knowledge of metals. As already stated in another 
chapter, copper and tin were probably the first metals to be 
smelted. Copper occurs in the free state, and the separa- 
tion of the metal from its ore is in each case more simple 
than that of iron. Melted together copper and tin make 
bronze, an alloy which for many centuries played the leading 
role in industry, just as steel does now. However, long 
before the beginnings of recorded history, primitive men had 
come into a knowledge of iron. Africa seems never to have 
had a Bronze Age, passing directly from the Stone Age into 
one in which iron was the principal metal. 

Probably the first blast furnace was nothing more than 
a wood fire piled with iron ore and covered somewhat with 
clay to keep in the heat. In order to increase the tempera- 
ture and melt the ore, the fire was doubtless fanned with a 
goatskin bellows. As the result of a day’s work, a few 
pounds of pasty iron were obtained. Just compare this 
with the output of a modern furnace. This iron was very 
impure. Still from it the ancient smith was able to forge 
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crude axes, knives, and spearheads, which were much better 
than those made from chipped stone or bronze. 

Gradually this crude blast furnace was improved until 
enough iron was obtained to meet the needs of the early 
tribes of savage-like men. But not until 1340, in the lower 
Rhine valley, was the first molten pig iron in history pro- 
duced. It was made in a furnace called the “Belgian Blow 
Oven.” It was sixteen feet high and was operated on the 
same plan as a modern blast furnace. The iron was run off 
in puddles, and it is said that, because one of these big pud- 
dles with the smaller ones near to it resembled an old pig 
and her brood, the product was called pig iron. 

Another furnace in which iron was made is known as the 
Catalan Forge. It was simply a brick-lined forge, similar 
to that in a blacksmith’s shop, in which the ironmaster 
heated ore, charcoal, and limestone. By fanning the fire 
with a bellows and hammering and reheating his product 
many times, he was at length able to obtain a fairly good 
quality of iron. Many of these forges sprang up in America 
during Colonial and Revolutionary days. Valley Forge, 
where Washington and his little army passed that frightful 
winter, obtained its name from such a forge. From such 
forges came the iron for the muskets, cannon, and shot of 
that memorable struggle. 

Making wrought iron and steel. For many purposes pig 
iron is too brittle. It has to be purified. To make wrought 
iron and steel were the next steps in the forward march 
which brought the present Age of Steel. Wrought iron is 
the purest kind of iron, It is also called soft iron and is 
the kind of iron which a blacksmith uses in horseshoes, 
wagon tires, log chains and many other useful articles, This 
iron is always hammered, or forged. 
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To make wrought iron, pig iron is heated in what is called 
a puddling furnace until all the impurities have been burned 
out and it has changed into a pasty, lumpy mass. Workmen 
rake the iron together from the puddles of liquid slag and 
remove it from the furnace to be hammered or forged into 
shape. 

The early method of making steel consisted in heating 
bars of wrought iron with charcoal until the iron had ab- 
sorbed enough carbon to give it hardness and thereby enable 
it to take a temper, as we say, or a certain degree of hard- 
ness. In this change the iron did not melt. But the process 
was a slow one and only small quantities of steel could be 
made in this way. One man, to whom the world will always 
be indebted, had the vision to see that if locomotives were to 
conquer the vast spaces of our continents, ocean liners were 
to plow the seas, and machinery was to take its place in 
industry, some way must be invented for producing quickly 
cheap and abundant steel. He caught a glimpse of the 
coming age and determined to meet the need. This man was 
Sir Henry Bessemer, and I am sure you will be interested 
in knowing about him. ; 

Sir Henry Bessemer. Even as a lad Sir Henry Bessemer 
seemed destined to become an inventor. His father was 
an inventor and had a large type foundry, where young 
Bessemer spent many happy days, making dies, casting type, 
and melting together different kinds of type metal. In doing 
this he did just what you would probably like to do if you 
had the opportunity. He finished the lower school at thir- 
teen and did not go to a higher school. Instead he passed 
several years in his father’s shop, learning to do all sorts of 
mechanical jobs and becoming very skillful in the use of 
tools, When he was seventeen, he moved with his parents to 
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Fic. 58. SIR HENRY BESSEMER 


As a lad this man began his life work of inventor and before he died had 
been knighted by Queen Victoria for making possible the Age of Steel. 


London, where he became an engraver of steel and a modeler 
of clay. His first invention was a machine for making a 
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self-canceling stamp which was adopted by the British 
Government without any reward to the young inventor. 
Keenly disappointed, he turned to other fields. By pre- 
venting the fraudulent use of stamps, he had saved a fortune 
for his government, and now he determined to make a 
fortune for himself. We shall see how he succeeded. 

The discovery of bronze powder. One day his sister 
asked him to letter the cover of her flower book. To 
do so he needed some bronze powder, but to his astonish- 
ment he found that it cost a dollar and seventy cents an 
ounce. It was almost as precious as gold. ‘How can this 
simple metallic powder cost so much?” he asked himself. 
Hurrying home, he tested the stuff in his laboratory and to 
his delight found that it was nothing but brass. It did not 
take him long to figure out that for twelve cents he could buy 
enough brass to make twenty-seven dollars and twenty- 
five cents’ worth of the powder. If he could invent a 
machine for quickly and cheaply turning brass into bronze 
powder, it seemed to him his fortune would be assured. 
At once he set to work to do this. 

He read all he could find about the process then in use 
and began the building of a machine of his own. When it 
was completed, he could turn brass into powder. But, much 
to his disappointment, his powder did not either look or 
feel like the powder he had bought. For a time he aban- 
doned his plan. Then one day he thought he would exam- 
ine some of his powder with a microscope. He did so, and at 
once he saw where his difficulty lay. Instead of tiny, 
smooth, flat particles, he discovered that his machine made 
little curled-up shavings. Again he went to work, and this 
time he was successful. Wishing to keep the process secret, 
he did not patent it, but built a small plant and with a 
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number of trusty employees began turning brass costing a 
dollar and thirty cents a pound into powder which he sold 
for a dollar and thirty cents an ounce. At length he had 
found a “gold mine.” For many years it supplied him with 
all the funds he needed for the support of his family and 
his important work of invention. The boy inventor had now 
become a prosperous business man. 

Bessemer turns to steel. In some improvements which 
Bessemer was trying to make on big guns he became con- 
vinced of the necessity for a quick, cheap method of produc- 
ing steel in large quantities. He knew nothing about the 
making of iron and steel, but he determined to learn. He 
read all he could find in the libraries on the subject and 
visited the iron works of England to see first hand the proc- 
esses then in use. Then, being supplied with ample funds 
by his bronze powder plant, he built a shop in which to 
experiment. 

One day the thought came to him that he might burn 
out the impurities from molten pig iron with a blast of air. 
Into a laboratory crucible he put about ten pounds of iron 
and melted it with a blow torch. Then he turned into the 
molten mass a powerful blast of air. There was a shower of 
sparks accompanied by a bright flame which lasted for a 
few minutes and disappeared. When the mass had cooled 
he found that he had produced pure wrought iron. He was 
now on the highway. to success, as we shall see. 

While recovering from an illness brought on by two years 
of constant experimenting, Bessemer worked out in his mind 
the plan for the huge egg-shaped converter which we have 
already seen in operation. As soon as he was well he built 
one, and when all was ready ordered his workmen to turn 
into it a half ton of molten pig iron. Then he started the 
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blast. In the volcanic-like heat of the “blow” the cover of 
the furnace melted and disappeared in the crucible, the 
chains which held it became red and threatened to pull in 
two, while the flame and shower of sparks made a truly 
terrifying sight. But in a few minutes all was quiet, and 
Bessemer poured from the crucible what proved to be an 
excellent quality of steel. He had made a great discovery, 
a discovery which was to assist in shaping the future history 
of the world. He had shown that without the use of fuel he 
could convert molten pig iron into steel. The impurities in 
the pig iron served as fuel. 

Bessemer gives his discovery to the public. After pat- 
enting his process, Bessemer went before the assembled iron- 
masters of England and told them of his discovery. They 
greeted the announcement with great enthusiasm, and many 
of them purchased the right to use the process. Much to 
the dismay of Bessemer and the indignation of the British 
ironmasters, the next attempts to make steel by this process 
proved utter failures. Instead of being lauded as a great 
inventor, Bessemer quickly found himself almost buried 
beneath an avalanche of abuse and ridicule. Something 
was wrong, but what it was he did not know. He determined 
to discover the cause and turn his temporary failure into 
success. That was in 1856. 

Dividing his fortune into two equal portions, he gave his 
wife fifty thousand dollars for the support of his family and 
determined to use every dollar of the other fifty thousand, 
if necessary, in the perfection of his process. After 
many months of experimenting, he found that the iron from 
which he had made his first steel had been free from the 
element phosphorus. At once he imported phosphorus-free 
iron from Sweden, and again his process was a success. 
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Again he went before the ironmasters of England with the 
news of his discovery. But no one would listen to him. 
Bessemer had temporarily fallen into disrepute. He saw 
clearly that, if he were to demonstrate the value of his 
discovery, it must be in a plant of his own. This he pro- 
ceeded to build at Sheffield, England. In a short time he 
was producing steel at one hundred dollars a ton cheaper 
than his competitors could sell it. Much to their chagrin, 
they were compelled to surrender and purchase from 
Bessemer the right to use the process which, but a little 
while before, they had ridiculed so mercilessly. It was a 
splendid triumph for Bessemer, and it brought him great 
wealth and honor. Before he died, in 1898, he had been 
knighted by his country and made a fellow of the Royal 
Society. 

The results of Bessemer’s invention. I have already told 
you of the importance of steel in the modern world. Steel 
in the enormous quantities necessary for the achievements 
of the last half century would have been impossible without 
this first of the mighty steel kings and his wonderful in- 
vention. Without him we should still be living in the day of 
small things. It is true that we do not now make much steel 
by the Bessemer process. Still we must not forget that it 
was this invention which ushered in the Age of Steel. 


CHAPTER XV 
THE MAGIC OF A BREATH OF AIR 


Is there really any magic about a breath of air? Yes, it 
seems so, if it happens to come as a powerful blast blown 
by a mighty compressor, or from steel cylinders filled with 
air under great pressure. I want to tell you today how a 
young man, not out of his teens, solved a baffling problem by 
putting air to work. This young man was George Westing- 
house. You ought to know much about him. I wonder how 
many of you boys and girls know of any of the big things 
he did? You know a great deal about Edison, the Wrights, 
Marconi, Bell, Morse, and many other famous inventors. 
You ought to know as much about George Westinghouse, for 
he was one of the world’s greatest inventors. 

Before I tell you about Westinghouse’s first big invention, 
I want you to know something of his boyhood. He was a 
real boy, and he liked to play better than he did to go to 
school. I wonder how many of you feel the way young 
Westinghouse did? He liked best to tinker in his father’s 
shop, for his father was an inventor, too, and had a big 
machine shop at Schenectady, New York. George was 
always contriving something,—“inventions” he called them. 
He really did invent. While still a lad, he built a rotary 
steam engine, with which he ran a small boat on the Erie 
Canal. I imagine we should consider that quite an achieve- 


ment. Westinghouse’s father, a somewhat stern man, con- 
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sidered these boyish contrivances mere “trumpery” and 
often sent them to the scrap heap. He wanted the lad to 
go into the shop at night after school and learn the use of 





Fic. 59. GEORGE WESTINGHOUSE 


Even as a lad, George Westinghouse was an inventor. He built a 
steamboat which actually ran on the Erie Canal. When he was still in his 
teens, he invented a car-replacer, and, when he had barely passed his ma- 
jority, he patented the air brake, his greatest single invention. 


tools. George, too, was just as eager to learn the use of 
tools, but he wanted to do it as play and not as work. 
I know you will be interested in one of his early experi- 
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ments. One Saturday morning George wanted to go on a 
hike with some other boys. His father, however, had other 
plans. He led the disappointed lad to a pile of pipe and 
gave him directions for cutting it into pieces of a certain 
length. Still George could not give up the idea of a hike. 
While his father had been talking, he had been thinking. 
Immediately, he began to tinker up a sawing device which 
he connected to one of the machines of the plant. He 
started the machine and, to his delight, found that his con- 
trivance worked perfectly. It automatically fed the pipe 
and cut it into the proper lengths. Thanks to his inventive 
bent his task was soon over, and off he went with the other 
boys. 

When he was only fifteen the Civil War broke out. He 
wanted to enlist, but his father would not give his permis- 
sion. Then George decided to run away and join the army. 
He almost succeeded, but his father arrived at the station 
just before the train pulled out, and marched the would-be 
soldier home. Two years later, with his father’s consent, 
he did enlist and served until the end of the war. 

The idea of an air-brake. A railroad accident led young 
Westinghouse to the idea of an air brake for trains. One 
day while he was on a business trip for his father, traveling 
from Schenectady to Troy, his train came very suddenly 
to a standstill. Feeling that something was wrong, he 
climbed out and went ahead to learn the cause of the un- 
expected stop. There he saw two battered locomotives and 
read the story of a head-on collision. ‘But why,” he asked 
himself, “did not the engineers stop and avoid the accident?” 
The track at that point was perfectly straight for a long 
distance. There seemed no possible excuse. 

Upon inquiry, Westinghouse learned that the engineers 
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did not have time to stop. “Did not have time?” Surely 
something must be wrong with the brake system, thought 
the young man. If the hand brakes then in use could not 
stop a train quickly, a better brake system must be devised. 
Westinghouse, then and there, decided to invent one. 

It seemed to him that the brake system should be under 
the control of the engineer. In some way the engineer 
should be able to move a lever and set the brakes on the 
whole train at once. How was this to be done? One of 
his first ideas was to have a steam brake, but he quickly saw 
that this would be impossible. In winter the steam would 
condense and freeze and there would be no end of trouble. 
The problem baffled him, but he would not give up. Every 
waking moment, he racked his brain for a solution. 

Then one day there fell into his hands a copy of a maga- 
zine having an article on the drilling of the Mont Cenis 
Tunnel in Switzerland. In reading this article he learned 
for the first time of the use of compressed air to operate 
rock drills. In exultation Westinghouse leaped to his feet. 
Surely here was the solution of his problem. If compressed 
air could operate a rock drill located three thousand feet 
from the air compressor, it could operate his brake. Un- 
like steam, it would neither condense nor freeze, and it 
could be transmitted through the longest train. 

The first air brake. The invention now seemed almost 
complete. As a matter of fact, it was only begun, but 
Westinghouse knew that he was on the right track. The rest 
seemed easy. Eagerly he set to work. In a short time he 
had built a model and applied for a patent. 

You ought to know that a year or two before this West- 
inghouse had invented a patent-car-replacer, for putting a 
derailed car back on the track quickly and easily. This, too, 
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had been the result of an accident. A car had been derailed 
from a train on which he was riding. For several hours he 
stood by and watched the tedious work of prying it back 
onto the rails. That night he went home and designed a 
machine which, when clamped to the track, would enable 
the engine to pull the car back into place without delay. 
Although discouraged by his father, he patented this first 
invention and quickly built up a prosperous business selling 
the device. 

Westinghouse goes to Pittsburgh. When his air brake 
was ready to market, Westinghouse decided to make his 
home in Pittsburgh. There he could get the parts for his 
car replacer made more easily. He also felt that this rail- 
road center would give him a better opportunity to sell his 
air brake. Wherever he went, he talked of his wonderful 
new invention. Nevertheless, it was the same old story. 
Railroad superintendents would listen to him, but no one 
was willing to risk a train of cars to try out his brake. 
Westinghouse had built a full-sized model and wanted some 
railroad company to loan him an engine and some cars for 
an experiment. Surely, that was a good deal for almost a 
boy to ask. ‘Maybe the train would be wrecked, with loss 
of life and property;” ‘the scheme would not work, any- 
way;” “it was impractical;” all these and many more were 
the excuses offered to the young man. 

Finally he did succeed in convincing the superintendent 
of the Panhandle Railroad of the wonderful possibilities of 
his new brake. This man, W. W. Card, became enthusi- 
astic over it, and induced his company to provide a train for 
a trial demonstration. 

The trial. One bright morning in September, 1868, the 
Steubenville Accommodation, consisting of a locomotive, a 
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tender, and four coaches, pulled out of the Panhandle sta- 
tion in Pittsburgh. Every car was equipped with Westing- 
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Fic. 606. HOW THE AIR BRAKE WORKS 


When the triple valve is turned so as to admit air from the small reser- 
voir into the brake cylinder, its piston is thrust out and the brakes with 
which it is connected are set. When this valve is turned so as to allow 
the air to escape from the cylinder, the piston moves back and the brakes 
are off. These brakes are controlled by the engineer. 


house’s air brake. On the engine was a steam-driven pump, 
which compressed air to sixty or seventy pounds’ pressure 
and stored it in a large reservoir. From this reservoir a pipe 
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line led beneath the train to brake cylinders under the cars. 
In each cylinder was a piston connected with the regular 
hand brake. When the engineer turned the air-valve, com- 
pressed air rushed from the reservoir into the cylinders, 
forcing out the pistons and setting the brakes. To release 
the brakes, the air was allowed to escape from the cylinders. 
Fig. 60 illustrates the way in which the air brake worked. 

On the train, besides Westinghouse and the crew, were a 
number of the officials of the railroad. The train pulled 
out, and the young engineer, Dan Tate, quickly brought it 
to a speed of thirty miles an hour. The officials were chat- 
ting about the new brake, when suddenly there was a grind- 
ing and grating of wheels and the train came to a stop with 
a jolt. With battered hats and bruised shins, they climbed 
out to see what was the trouble. Whether by accident or 
not, the brakes had surely worked. The anger of the dis- 
gruntled officials quickly melted into enthusiastic approval 
when they learned that the new brake had saved the life of 
an unfortunate drayman who had blundered onto the tracks 
scarcely two blocks ahead of the swiftly approaching train. 
Seeing the danger, Dan Tate decided that there was the 
place, if anywhere, to test the brake. Giving a mighty twist 
to the air valve, he set the brakes with irresistible force. 
Young Westinghouse was highly elated. He could not have 
wished for a better opportunity to test his invention. Con- 
tinuing the trip, the brakes worked perfectly every time they 
were applied, and men knew that a new day had dawned 
in railroading. 

Westinghouse becomes a manufacturer. No one longer 
doubted the value of the air brake. Westinghouse rented an 
old factory and began to manufacture his invention. He 
organized a company, with himself as president and some of 
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the most prominent railroad men of the country as directors. 
This sounds almost like a tale from the “Arabian Nights.” 
Here was a young man, but little more than old enough to 
vote, at the head of a company which in a short time was 
to become wealthy and powerful. The Pennsylvania Rail- 
road then loaned him a train and asked for a demonstration. 
With it he was also permitted to make demonstrations in 





Fic. 61. A TRIUMPH OF RAILROADING 


The perfect control of such very long trains has been made possible by 
Westinghouse’s air brake. 


Philadelphia, Chicago, and St. Louis. In all of them his 
brake worked as successfully as it had in the first. Every 
railroad wanted his brake now, and so rapidly did the orders 
come that he was scarcely able to fill them. When his busi- 
ness was established in this country, he went to England. 
After a hard-fought battle, he introduced his brake there 
and on the continent of Europe. 


Westinghouse’s first brake was a very crude device, but 
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he kept improving it until, in 1888, he had perfected his 
marvelous “triple valve.” With it he could control the 
longest train with perfect ease, bringing it to rest as gently 
as a spent golf ball rolling across the green. In a great 
contest held at Burlington, Iowa, he overcame every 
difficulty and proved to others the superiority of his system. 

Think for a moment what this putting of air to work has 
meant to transportation. A half century ago both freight 
and passenger trains were light and short. Without the air 
brake they would still be so. The giant locomotives, heavy 
steel cars, and immense cargoes of today would be but 
dreams of the future. The wonderful mountain railroads 
of the West with their sharp bends and steep grades would 
have been impossible. Think of the greater safety to train 
crews and the traveling public made possible by the air 
brake! The railroads are the arteries of traffic. Transpor- 
tation is the lifeblood of industry. The air brake, increasing 
so enormously their efficiency, has added to the comfort and 
happiness of millions. Every time you ride on a train or 
street car you may be thankful to Westinghouse for the air 
brake. 

Putting air to work in other ways. If air can set a brake, 
why can it not perform other service, thought Westinghouse? 
With longer trains and heavier traffic, a better signaling 
system was needed. Probably you know what is meant by 
the “block system.” For fear that some of you do not, I 
am going to say that this system permits but one train 
in a certain space, called a block, at the same time. But if 
a big railroad with a great deal of traffic depended on the 
operators along the line to set the signals, many accidents 
would doubtless occur. Someone would forget, or go to sleep 
when he should not. To guard against the occurrence 
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of accidents the signals are connected into what is called 
an “interlocking” system. When a lever is moved to set one 
signal, it sets others at the same time. By this system, 
unless an engineer runs by a signal, there is no possibility 
of a collision. Even if the signals were set at random, no 
such accident could occur. Traffic might be tied up, but no 
two trains could be in the same block at the same time. 
Many of these switch levers are brought together in a single 
machine and operated by one man, who receives messages 
either by telegraph or telephone telling him what to do. 

It once required a great deal of strength to move these 
levers, for this had to be done by man-power. Westinghouse 
harnessed compressed air to do the work, and now all the 
operator needs to do is press an electric button; air does the 
rest. 

While riding in his car one day, during his later years, 
Westinghouse received a severe jolt which gave him a great 
shaking up. Again, he decided that compressed air should 
be put to work. The result was the compressed air shock 
absorber, now so widely used on heavy cars. 

Westinghouse made many more inventions, chiefly in the 
field of electricity. Of his work there I have told you else- 
where. He was a wonderful man, large hearted and gener- 
ous. Everyone who knew him loved him, and his fellow 
countrymen ought to know more about his inventions. 

Other uses of compressed air. There are many other uses 
of compressed air than those I have just mentioned. We 
have seen that it was used to operate the rock drill before 
Westinghouse put it to setting brakes. Without the com- 
pressed air drill many of the world’s marvelous tunnels, its 
deep mines for coal and ore, and the excavations in bed rock 
for mighty skyscrapers, would have been all but impossible. 


A BREATH OF AIR 228 


In driving subway tubes beneath the rivers about New 
York and London, it is compressed air which keeps out the 
sea while the work is going on. It is compressed air which 
enables the diver to explore the bottom of the sea down to 
certain depths and ofttimes bring back its sunken treasure or 
tell us of its mystery. Compressed air blows the water from 
the hold of a wrecked vessel and brings it to the surface. 
The mechanical despatch tubes in our department stores 
which, fairy-like, whisk your money to the cashiei’s desk 
and bring back your change almost in the twinkling of an 
eye, are operated by compressed air. 

Compressed air sprays the farmer’s orchard. It pounds 
the rivets into the steel work of a skyscraper at the rate of 
a thousand blows a minute. It lifts water and petroleum 
from the deep wells of the earth. Under the direction of 
the expert operator it blows glass into marvelous shapes. It 
blows the pipe organ of your church. On cushions of com- 
pressed air, the automobile carries us to school or business 
or on outings of pleasure. It is compressed air, driven 
against the wings of an airplane, which has enabled us to 
soar like the birds. You will remember, too, that it is a 
blast of air which burns the impurities from molten pig iron 
and turns it into steel. 

These and many more uses I think will convince you that 
I was not dreaming when I spoke of the magic of a breath of 
air. 


CHAPTER XVI 
WHEN TYPEWRITING CAME INTO STYLE 


I WONDER how many of you boys and girls use the type- 
writer. Nearly sixty years ago, when the typewriter was 
just beginning to be talked about, the editor of the Sczentific 
American predicted that the school children of the future 
would be taught only to write their names with the pen and 
that all other writing would be done by “playing on the 
literary piano.” Well, that prediction has not come true. 
It is just as important now to write well as it ever was. Still, 
just think of how much drudgery the typewriter has re- 
lieved us! No other great invention has made so triumphant 
a conquest of the business world. 

In the office, in the courtroom, frequently in the home, 
wherever much writing is to be done, the typewriter is in- 
dispensable. Suppose all of the millions of letters, articles 
for the press, and legal documents that are typed every 
year had to be written by the old laborious pen and ink 
method! It surely would require an army of penmen, 
and how their fingers would ache and in time stiffen with 
“writer’s cramp”! 

If you have an opportunity to learn to use a typewriter, 
do so by all means. If possible, learn the “touch system” 
and become just as skillful as you can. In school or college 
and later in business, you will find this ability to “play on 


the literary piano” of the utmost value. I am using a type- 
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writer now. I do all of my writing on it. I can think 
better seated at a typewriter than I can anywhere else. 
There is just one form of correspondence that I do not write 
on a typewriter. That is social notes and some letters of 
friendship. To do so would not be in good taste. 

How the typewriter came to be invented. If you had 
been in the Western Union Telegraph Office at Milwaukee, 
Wisconsin, one day in July, 1867, you might have seen a 
modest, lovable looking gentleman with long flowing hair 
and whiskers walk up to the desk and ask Charlie Weller, 
the chief operator, for a sheet of carbon paper. Carbon 
paper was not much used in those days, and Weller says he 
wondered why his friend wanted it. Seeing the look of in- 
quiry, the visitor said, “If you will come up to my office 
about noon tomorrow, Charlie, I'll show you something that 
may be interesting.” 

But before we go further we want to know who this 
visitor was. His name was Christopher Latham Sholes. He 
was born in Columbia County, Pennsylvania, a little more 
than a century ago and just ten years and two days after 
the birth of Abraham Lincoln. Now you can tell the exact 
date. His ancestors had fought in the Revolution and one 
of his grandfathers was a direct descendant from John 
Alden, about whom, you know, Longfellow wrote in the 
“Courtship of Miles Standish.” 

When Sholes was fourteen, he was apprenticed to a 
printer and at eighteen he forsook his native state to become 
a citizen of Wisconsin. There he joined his brother, who 
was a successful newspaper publisher of the thriving North- 
west. Sholes himself became a newspaper editor, a member 
of the state legislature, and later Postmaster of Milwaukee 
and Commissioner of Public Works. At the time of the con- 
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Fic. 62. CHRISTOPHER LATHAM SHOLES 


This kindly faced gentleman lightened the burdens of office workers 
everywhere and with his “literary piano” created a new profession. 
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versation in the telegraph office he was Uncle Sam’s Collec- 
tor of Internal Revenue at the port of Milwaukee and be- 
sides a printer and publisher, having his office over that of 
the Western Union Telegraph Company. He has long since 
come to be known as the “Father of the Typewriter.” 

I think you will want to know, too, about Charlie Weller. 
He had come from the backwoods of his native state of Wis- 
consin and while still a lad had become a messenger boy. 
While he was carrying messages he found plenty of time be- 
tween spells to learn telegraphy and to do a great deal of 
reading. In this way he partly made up for his lack of 
schooling. Young Weller, however, did not wish to con- 
tinue as a telegrapher. He wanted to be a court reporter, 
that is, a man who takes down accurately what the judge, 
lawyers, and witnesses say in a court trial. This fact was 
to make him interested in the experiment which he was to 
see in Sholes’ office the following day. 

Shole’s experiment. When Charlie Weller went upstairs 
to the newspaper office promptly at twelve the next day, 
keenly interested in what was to happen, he saw Sholes ex- 
plaining an odd-looking contrivance on his desk to two eager 
observers. It consisted of a plate of glass supported by four 
upright wooden pegs set in a wooden ring which he had 
whittled out with his jackknife. (Fig. 63.) The wooden 
ring in turn was supported by pegs set in a wooden base. 
An ordinary telegraph key and a pivoted arm fastened at 
one end to the wooden ring and at the other end carrying 
the letter W completed the contrivance. Young Weller 
watched Sholes slip a thin sheet of white paper between the 
carbon paper and the glass plate. Then he tapped the tele- 
graph key and at the same time slowly pulled the sheets of 
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paper beneath the glass plate. The result was a line of w’s 
perfectly printed like this: 


WWWWWWWW 


With this machine, Sholes was able to write only one letter, 





Fic. 63. THE FIRST TYPEWRITER 


It was with this queer looking device that Sholes made his first demon- 
stration to his friends of how he proposed to build a typewriter. 


but he stated that he could make a machine with thirty or 
forty keys with which he could write anything. This experi- 
ment was the beginning of the modern typewriter. It hardly 
seems possible that the model of perfection upon which I am 
pounding away now could have come from any such crude 
device. Even to young Weller, at that time Sholes’ idea 
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appeared only a beautiful dream. But Sholes had the 
thing all pictured in his mind, and the chief operator of the 
Western Union knew that the Milwaukee printer was already 
an inventor of some note. Besides, Weller could see that 
such a machine would be of great assistance to him in his 
future work as a court reporter. Then and there he made 
Sholes promise to sell him the first machine that he should 
make. 

The other two men in the room were Carlos Glidden, the 
son of a wealthy ironmaster of Ohio, and Samuel Soulé, 
another Milwaukee printer. These two men and Sholes had 
been drawn together by a common interest in invention. 
Sholes had already made a number of inventions, including 
a machine for paging blank books. This had interested 
Glidden very much. 

One day Glidden said to Sholes, ‘“‘If you can write figures, 
why not letters?”’ For some time nothing came of this sug- 
gestion. Then in 1867 Glidden brought to Sholes a copy 
of the Scientific American, which contained an article de- 
scribing a machine intended to do just the thing that he had 
in mind. It had been invented by John Pratt of Centre, 
Alabama. In the same issue was an editorial telling of the 
wonderful benefits of such a machine and predicting the time 
when all writing would be done in that way. 

That copy of the Scientific American gave Sholes just 
the inspiration he needed. Over and over he read the article 
and editorial and studied the construction of Pratt’s ma- 
chine. Finally he said, “I know I can build something 
better.” 

Sholes, Glidden, and Soulé formed a partnership and the 
work of building the first of modern typewriters began. 

Early attempts. We must not think that no one had ever 
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before attempted to build such a machine. Even way back 
in the reign of Queen Anne of England, Henry Mill, an 
English engineer, had been granted a patent for a mechani- 
cal writing device. Then in 1829 an American patent was 
granted to William Burt of Detroit. His device was a 
monstrous-looking affair, resembling a dial clock more than 
it did a printing machine. A little later, in 1833, a French- 
man, named Projean, invented a machine, which had type- 
bar keys the same as those used today. In the Smithsonian 
Institution at Washington is an odd-looking typewriting 
machine, which was invented by Charles Thurber, of Wor- 
cester, Massachusetts, in 1843. It did good work, but it was 
too slow for practical use. 

Many of those interested in these inventions wanted to do 
something for the blind. They wished to build a machine 
which would print raised letters for these unfortunate people 
to read by touch. In 1849, Pierre Foucault, of Paris, did 
succeed in doing this. It was pity for the blind which led 
Alfred E. Beach, the first editor of the Scientific American, 
to build an experimental typewriting machine more than 
ten years before Sholes began to work. A number of other 
attempts were made, including Pratt’s machine. In every 
case they were condemned for being too slow. 

The increasing demand for copying in courts and business 
offices had reached a point where a more rapid means of 
writing was needed, and in such cases the necessity usually 
produces the invention. When in your sports you need some 
new way of doing things, you usually find it, don’t you? So, 
it proved in this case. 

The work of invention. Neither Sholes nor either of his 
companions was a mechanic. That was a serious handicap. 
At Kleinsteuber’s machine shop, in the outskirts of the 
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city, they found skilled mechanics whom they hired to make 
such a machine as Sholes had in mind. Every night when 
their day’s duties were over the three men walked across the 
city to the machine shop, eager to see the growth of the new 
machine, in which they were coming to have so much hope. 

By the fall of 1867 the first machine was completed. It 
wrote accurately and rapidly, but what a looking thing it 
was! The keys were like those of a piano, and you would 
never recognize any resemblance between it and a modern 
typewriter. But Sholes and Soulé soon changed all this 
and arranged a bank of keys very similar to those used 
today. 

Just as Sholes had promised, he sent this first machine to 
Weller, who was now a court reporter in St. Louis. Weller 
gave it a severe test. But, although this first machine would 
write, as you may imagine, it was very imperfect. The type 
bars would stick, causing what is called “stuttering.” 
Sometimes, instead of getting a sentence, a single letter 
would be printed over and over. All the letters were capitals 
and they were often out of line. Some lines were close to- 
gether and others far apart. Typewriter ribbons such as 
we have now were unknown, and the ones made by Weller 
smeared the paper with ink. But this first machine, with 
all its faults, did write copy that could be read and that a 
printer could use much better than longhand. That was a 
great gain. 

Weller reported all these defects to Sholes, who immedi- 
ately began to build a new and better model. This prac- 
tice was repeated over and over until in the next five years 
Sholes had built twenty-five or thirty machines, each better 
than the preceding one. Time and again Sholes thought his 
invention was perfect, only to find some new difficulty. At 
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one time he wrote to Weller “The machine is done, and I 
want some more worlds to conquer.” 

One of Sholes’ most perplexing problems was in getting a 
suitable name for his invention. ‘Patent Printer,’ “Ma- 
chine for Writing and Printing,” and many more names were 
suggested. At length Sholes himself selected the name 
typewriter. Now we wonder that any other was ever 
considered. 

Sholes forms a new partnership. After Sholes had made 
his first machine, he wrote many letters upon it to his 
friends and to prominent public and business men through- 
out the country. A typewritten letter was a curiosity in 
those days, but, like the telegraph of a former day and the 
telephone which was soon to come, few people could see 
any use for such a machine. 

Fortunately, one of these letters fell into the hands of a 
man who could see the tremendous possibilities of the new 
invention. He was James Densmore, of Meadville, Pa., 
aman of wealth. Densmore immediately asked for a share 
in the enterprise. No greater good fortune could have come 
to Sholes at this time. The new arrival in the typewriter 
field gladly paid the debts of the firm and took the place 
of Glidden and Soulé, who now retired from the partner- 
ship. 

Densmore was a gruff old fellow. He pronounced Sholes’ 
machine as good for nothing except as a beginning for im- 
provement in building a better one. I imagine that this was 
a severe blow to the inventor, who must have thought he had 
produced something quite wonderful. Suppose when you 
have written what you think is a pretty good composition, 
your teacher should tell you it is fit only for the waste- 
basket, You know how disappointed you would feel. I pre- 
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sume Sholes felt much the same way. This criticism was 
just the thing the typewriter needed. It could not be made 
into a useful instrument, if someone did not point out its 
faults. Densmore entered the venture in the spring of 1868. 
It was he who supplied the money and the business ability 
for the building of the first machines. 

Do the best they could, however, the workmanship on 
these machines was far from perfect. The mechanics at 
Kleinsteuber’s shop could not do the fine, precise work re- 
quired on such a delicate mechanism. Furthermore, Sholes 
had exhausted his resources in the work of invention, and 
there seemed little prospect of financial reward. Reluc- 
tantly he came to the conclusion that he must allow the 
typewriter to pass into other hands. 

Anew company. At Ilion, Herkimer County, New York, 
stood the immense plant of E. Remington & Sons, expert 
manufacturers of firearms, sewing machines, agricultural 
implements, and other machinery. The Remington family 
had in the early years of the country, settled near Ilion 
Gorge, in the beautiful Mohawk Valley. The story is told 
that one day in 1816 Eliphalet Remington, the founder of 
the machine works, asked his father for money to buy a rifle 
and was refused. Determined to have a rifle, the boy 
welded a gun barrel at his father’s forge and walked four- 
teen miles through the forest to have it rifled. Fitting a 
gunstock, made with his own hands, to the barrel, in a short 
time he had a better rifle than anyone else in that neighbor- 
hood. He then began making guns to sell, and during the 
Civil War his plant supplied many thousands of arms to 
the army of the North. 

It was to this plant that in 1873 Densmore carried the 
latest model of Sholes’ typewriter. Here, if anywhere, it 
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was felt would be found the expert mechanics who could 
take this machine and adapt it to the world’s need. So it 
proved. A contract was signed with the Remington Com- 
pany to build a thousand machines. Densmore accepted a 
royalty upon each machine to be built and made great 





Courtesy the Remington Company. 


Fic. 64. AN EARLY TYPEWRITER 


This was the machine which had been perfected by Sholes and his asso- 
ciates and which the Remingtons remodeled and improved until the mod- 
ern typewriter was obtained. 


wealth from the agreement. Sholes was content with the 
small sum of twelve thousand dollars, which is all the finan- 
cial reward he ever received. It probably did not cover the 
money he had expended in the early years of the work. 

A new set of men then took hold of the typewriter. Chief 
among them was William K. Jenne of the Remington Com- 
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pany, to whom, after Sholes, the modern typewriter owes 
more than to any other man. The first Remington machine 
looked more like a sewing machine than it did like a type- 
writer. This machine was soon so changed that it came to 
look much as the typewriter does today. 

The acceptance of the typewriter by the business public 
was a slow process. For years the sale of typewriters did 
not pay for the work of invention and improvements. A 
beautiful model was placed upon exhibition at the Centen- 
nial Exposition in 1876, and strangely enough it was in the 
same building with Bell’s telephone. But, like the tele- 
phone, it only aroused curiosity. How blind people were! 
No one could then see that these two inventions, destined 
as they were in a few short years to revolutionize business 
practice, were of any practical importance. People were not 
hostile to these inventions. They did not seek to smash 
them, as they had done the spinning jenny, the loom, the 
sewing machine, and the reaper. They simply preferred 
their old ways, and could see no value in them. 

But the Remingtons perfected the typewriter, and other 
men who later took it over under the same name, made it a 
business necessity. Did you ever stand in a big office and 
listen to the clatter of a hundred typewriters? Did you 
ever think what it would mean if all this writing had to be 
done in longhand? It would simply be impossible. Flesh 
and blood and human nerves could not endure it. 

The typewriter is a boon to modern business. It has 
conquered the earth. It has been adapted to practically 
every language on the globe, including that of the Chinese, 
the Indians, and the tribes inhabiting the isles of the sea. 
It is simple and compact in construction, yet a marvel of 
inventive skill. It owes much to many minds, but chief 
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among them to that of Christopher Latham Sholes. Sholes 
lived to see his invention a triumphant success and died 
happy in the knowledge that his work had been a blessing 
to the world, and particularly to the women of the office 
world. 

No one now sends back a typewritten letter with the 
statement, “You don’t need to print no letters for me. I kin 
read writin’.” 


CHAPTER XVII 
“MAKING IRON TALK” 


A LITTLE more than a half century ago, a young Scots- 
man, who had come to America seeking health and fortune 
in a new land, was heard to remark, “If I can make a deaf 
mute talk, I can make iron talk.” That sounded like a 
very wild statement at the time, and the young Scotsman 
was severely ridiculed for it. Yet, as you know, and every- 
one else who talks over the telephone knows, he made his 
dream come true. As you have already guessed, this young 
man was Alexander Graham Bell. I have no doubt that 
most of you have seen his picture in the papers and know 
something about him, for it was only a short time ago that 
he was still at work in his laboratory, busily engaged in 
bringing more dreams to pass. 

Thomas A. Watson, an apprentice lad who assisted Bell 
in his great invention, has described Bell at that time as “A 
tall, slender, quick-motioned man with pale face, black side- 
whiskers, and drooping mustache, big nose and high, slop- 
ing forehead crowned with bushy, jet-black hair.” Would 
it not be wonderful for one of us to be able to assist an 
inventor with a great invention, as Watson did? Quite 
likely some of you, too, may become inventors. There are 
many discoveries yet to be made. 

The birth of the telephone. Now I want you to come 
with me to a Boston attic, located over Williams’ Electrical 
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Fic. 65. ALEXANDER GRAHAM BELL 


This is the man who, daring to believe in the impossible, said: “If I 
had known more about electricity and less about sound, I never should 
have invented the telephone.” 

Shop, at rog Court Street. Imagine that this is the after- 
noon of June 2, 1875. The day is sultry and the attic hot 
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and stuffy. In adjoining rooms we see Bell and Watson 
mysteriously at work over some queer-looking electrical 
contrivances. Everything has seemed to go wrong this 
afternoon, and Watson is considerably out of sorts. Among 
other things we see a number of clock-spring reeds which 
are being vibrated by electromagnets, very much like the 
clappers of electric house bells. Suddenly we see Watson 
bend over his instrument and begin impatiently to pluck 
one of the reeds. It sticks, and Watson plucks more vigor- 
ously. Then we see Bell dash past us into the room, his 
keen eyes blazing with excitement. ‘What did you do 
then?” he demanded. “Don’t change anything. Let me 
Seen 

We have witnessed the birth of the baby telephone. Its 
first faint cry has come and gone. By accident there was 
operating in that crude device the same principle which 
carries your voice over the wires to your distant friend. 
Let us see what that principle is. 

Bell and Watson were engaged in trying to invent a mu- 
sical telegraph. That seems like a strange notion, no doubt, 
but Bell thought it possible to send musical notes over a 
line instead of the usual click-like signals. For many 
weeks they had been at work on this idea, but without re- 
sult. Two electromagnets were connected by a short line 
extending from room to room. A battery was placed in 
the line and at the sending end a key. Over the pole 
of each electromagnet was placed a clock-spring reed. These 
reeds were of the same pitch, that is, they vibrated at the 
same rate. Bell’s idea was that, if he should set one of these 
reeds into vibration by making and breaking the circuit 
at the sending end, the reed at the opposite end would be 
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thrown into sympathetic vibration and produce a note, just 
as a wireless,receiving set picks up the ether waves pro- 





Fic. 66. THOMAS A. WATSON 


As a young man, Thomas A. Watson assisted in the development of a 
great invention from which he, too, won wealth and fame. 


duced by a distant transmitter. He hoped, too, by using a 
large number of electromagnets with reeds of different 
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pitches to be able to send several messages over the same 
wire at the same time. 

On this particular afternoon, as Watson pressed his send- 
ing key, the contact points fused together and, when he 
released the key, the circuit did not break. Instead of vi- 
brating, as usual, the reed was held down on the polepiece, 
and by a happy accident the current was flowing through the 
line and about both electromagnets at the same time. Then, 
in his annoyance, Watson plucked the reed at his end making 
it vibrate over the polepiece. As we now know, this varied 
the current in the line and caused the other reed at the 
receiving end to vibrate too, producing a note exactly like 
that of the sending reed. Precisely the same thing happens 
in a modern telephone. When you speak into the mouth- 
piece, you set a disc into vibration, which causes a current 
to pass over the line and set the receiver disc into vibration 
with the first disc. 

What had happened was clear enough to Bell, and he and 
Watson at once set to work to make a real telephone. 

Bell’s early years. Alexander Graham Bell was born at 
Edinburgh, Scotland, in 1847. For generations his family 
had been interested in human speech. His father had 
invented a system of “visible speech” by which he taught 
the deaf and dumb to talk from watching the movements 
of the lips. Young Bell also learned this system. Later 
in life he said, “Had I known more about electricity and less 
about sound, I never should have invented the telephone.” 
Even as a lad, Bell and his brother Melville had invented 
a talking device which gave very good imitations of certain 
words. 

When Bell had completed his education, he made a visit 
to London where it was his good fortune to become ac- 
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quainted with Sir Charles Wheatstone, who, we have al- 
ready seen, was the inventor of the English telegraph. From 
Wheatstone Bell learned that the German scientist Helm- 
holtz had vibrated tuning forks by means of electromagnets, 
and it was this which gave him the idea of a musical tele- 
graph. 

As a young man, Bell was threatened with tuberculosis 
and came to America to regain his health. For a time he 
lived among the Indians. Then he accepted a position in 
Boston University to teach his system of visible speech. 
He could not get rid of the idea of a musical telegraph. 
In a short time he abandoned his teaching and went to live 
in the home of Georgie Sanders, a little deaf mute. In 
return for teaching Georgie, the boy’s father gave Bell a 
home and permitted him to turn the basement into a work- 
shop. Another deaf mute, Mabel Hubbard, the daughter 
of a prominent Boston lawyer, also came to Bell as a pri- 
vate pupil at this time. Four years later she became his 
wife. Without the financjal and business assistance of the 
fathers of these two pupils, Bell might never have been 
able to perfect his invention. Fortunately, they believed in 
Bell and his idea and encouraged him to go on. After a 
time he moved from the Sanders’ basement to the Baston 
attic, and it was there that we found him on June 2, 1875. 

The first telephone message. I want you to come again 
with me to the Boston attic. It is March 10, 1876. For 
forty long weeks Bell and Watson have been at work pa- 
tiently trying to invent a telephone that will really talk. 
Watson is in the attic and Bell at the other end of the line 
two flights below. Watson can hear Bell’s voice and almost 
catch the words. But, shout loudly as he may, he cannot 
make Bell hear. Then of a sudden, on this day, we see 
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Watson drop his instrument and rush down the stairs, 
shouting excitedly to Bell. He has actually caught the first 
distinct words that ever passed over a telephone line. He 
has heard Bell say, “Mr. Watson, please come here. I want 





Fic. 67. BELL’S FIRST TELEPHONE 


It was through this crude instrument that Watson heard Bell say, 
“Mr. Watson, please come here. I want you.” 


you.” I imagine, we, toc, would be excited in such a mo- 
ment. 

Within a short time they had a real talking telephone. 
It was in principle exactly like two telephone receivers con- 
nected together by two copper wires. Did you know that 
you may make a telephone in this way? One speaks and 
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the other listens. ‘The same instrument serves both for 
transmitter and receiver. In the early days of the tele- 
phone, it became necessary to post this sign at telephone 
booths, “Don’t listen with your mouth, nor talk with your 
Calne 

The centennial exposition. Now I want you to go with 
me to the Centennial Exposition, held in Philadelphia in 
1876 to commemorate our first hundred years of independ- 
ence. Just at the close of a hot afternoon in July we enter 
the Educational Building. We see a group of interested 
people at one side of the large room and walk over. Among 
them appear to be many distinguished men. Standing a 
little apart from the main group is a band of gayly attired 
courtiers. We look again, and behold at one end of a set 
of wires a king or prince holding to his ear some sort of an 
instrument. At the other end of the line stands Bell speak- 
ing into a similar instrument. As though electrified, we see 
the prince drop the instrument and hear him exclaim, “My 
God, it talks!” 

We have witnessed the first public demonstration of the 
telephone. The prince is no less than Dom Pedro, the Em- 
peror of Brazil. Years before he had visited Bell’s school 
for deaf mutes in Boston and had become much interested 
in the system of visible speech. By accident he had been 
passing by Bell’s exhibit just as the judges were making 
their tour of inspection. The judges were tired and hun- 
gry. Many of them wished to return to their hotels. No 
one thought the telephone was of any importance anyway. 

“Of what use could such a toy be?” “What if speech 
can be sent over a wire? Of what value can that be?” 
These and similar expressions were heard on all sides. One 
or two visitors had walked up to Bell’s table and fingered 


‘210A. 9} 
Ssonpoidad puv S1dAtod01 9Y} Sajzeedo YOIyM “FMM sUIT OY} UL jUdIINO IvfIUNIS v ,,S2ONPUT,, IO ‘sazeauas SIT 
‘JOYLIM Ud} PUL JasU0I}S JSI OpeUL ST JUALIN AIa}}eq IY} ‘19}]IWISULI} 4} OJUI SY¥[e} aU UDYAA ‘Pua ovo je 
Se109 UOIE 7JOS 94} JNoqe Punom os[e Sf d1IM 94} PUB SIOATIIeI OM} 94} SUIEJUOD MoI au] FY “A109 WoIT 
JOS B Jnoqe pUNoOM sI zMII1D Suryye} yee jo orm ayy, ‘syeeds auo yoryM ojUI Aoqyursuez} oY} puw Arayeq kv 
SUIPJUOD FINI SUTY[e] YOVY “aAoqe }MIIID OUT] dy} PUB WO}JOq 94} 3e S}INdITD Suryye? OM} oy. das aM OTT 


WHLSAS ANOHdATAL V ‘89 ‘Oly 





7/8 Bs ees 1 B 


5 |i scsrementocuss7 : 
mm 
Bb > 
SO 









246 THINKERS AND DOERS 


the instruments. The judges had been about to pass on, 
when Dom Pedro appeared. Recognizing the master of visi- 
ble speech, the emperor greeted him with great enthusiasm. 
Yes, he would be delighted to listen to Bell’s telephone. An 
awed and silent group, the judges were now all interest. 
No one was any longer tired or hungry. Each man in turn 
came forward to test this latest marvel of invention. By 
one and all it was then pronounced the most wonderful in- 
vention of the exposition. The next morning the telephone 
was given the most prominent position on the grounds, and 
Bell awoke to find that he had leaped to world fame. 

Introducing the telephone. Unfortunately, the people 
who flocked to see the telephone and listen to it came only 
out of curiosity. No one could see that it would serve any 
useful purpose in the world. Like Morse, Bell had won 
fame, but wealth seemed as far off as ever before. 

Then Gardiner Hubbard, the father of his former pupil, 
arranged for a series of lectures to be given by Bell and 
Watson. The first was delivered before the Essex institute 
of Salem, Mass. Bell gave the lecture and Watson re- 
mained in the Boston laboratory to supply the entertain- 
ment. Having no lines of their own they borrowed the use 
of a telegraph line, to which they attached their instruments. 
Bell described his invention and allowed his audience to 
listen to Watson, as he talked from Boston. Watson played 
on various musical instruments, and, although he was not 
a soloist, he was, compelled by Bell to sing a number of 
popular songs. This lecture was a wonderful success and 
many invitations were received by Bell and Watson to re- 
peat it. With the proceeds of these lectures Bell was able 


to marry, and shortly after sailed for Europe on his wed- 
ding trip. 
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While Bell was in Europe, Hubbard organized the “Bell 
Telephone Company” and began introducing the first tele- 
phones and exchanges. But the instruments were very im- 
perfect and the exchanges exceedingly crude. Then, how- 
ever, people began to see the value of the telephone. By 
August of the following year 778 telephones were in use. 
The company, however, was not making any money. To 
make matters worse, the powerful Western Union Telegraph 
Company began to infringe upon Bell’s patent. Bell fought 
for his rights in the courts and won. In the meantime, Edi- 
son and Francis Blake had invented separate telephone 
transmitters, similar to the one now employed, so that the 
same instrument did not have to be used both for speaking 
and listening. 

After having won their legal fight with the Western Union, 
Bell and Watson and their partners, Sanders and Hubbard, 
sold their interests in the telephone, and its development 
passed into other hands. Each received a large financial 
reward. It is gratifying to know that the apprentice lad 
Thomas Watson, while still a young man, received a com- 
fortable fortune in recognition of his faithful services. 

Spanning the continent. In the next ten years the tele- 
phone underwent a marvelous growth. Under the direction 
of Charles E. Scribner of the Western Electric Company and 
Col. John J. Carty, the first telephone engineer, and now 
Vice-President of the American Telephone and Telegraph 
Company, the switchboard was developed into the wonder- 
ful mechanism of today. Telephone business grew enor- 
mously. By 1892 New York was talking with Chicago and, 
a little later, service had been extended to Omaha and 
Denver. Important factors in extending the telephone 
lines were the inventions of the “loading coil” by Professor 
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Michael I. Pupin of Columbia University, and the audion 
bull) amplifier by Dr. Lee De Forest, famous for his inven- 
tions of wireless apparatus. 

Again I want you to come with me. Imagine that it is 
January 25, 1915, and that we are standing in the Tele- 
phone Building, at 195 Broadway, New York City. We 
take the elevator and go to one of the high upper floors. 
Entering a room, we find ourselves standing before a table 
at which is seated a number of distinguished looking men. 
In the center is Dr. Bell, now a venerable old man with 
snow-white hair and beard. Before him on the table rests 
an exact reproduction of his original telephone instrument. 
If we could look across the continent, we should see a sim- 
ilar group in San Francisco, with Mr. Watson as its central 
figure, The atmosphere of the room is tense with sup- 
pressed excitement. Presently Bell speaks into the mouth- 
piece of the instrument and says, ““Mr. Watson, please come 
here. I want you.” Watson immediately replies from San 
Francisco, “It would take me a week now, professor.” Then 
they converse with each other as easily as though they were 
in the same room. “Marvelous,” I hear you say, and it 
surely is. 

Do you know that you may now take the receiver from 
the hook of any Bell telephone in the East and within a few 
minutes be placed in communication with any Bell subscriber 
in San Francisco? But it will cost you $20.60 for the first 
three minutes and $6.85 for each additional minute there- 
after. . 

The line carrying your message crosses thirteen states 
and is 3,390 miles long. There are two circuits, each 
consisting of 6,780 miles of copper wire, weighing 2,960 
tons, and it is strung on 130,000 poles, Just think of it, the 
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very slight energy of the voice is able to affect the current 
which passes over the line so as to reproduce more than three 
thousand miles away the exact tones and accent of the 
speaker! No wonder Bell, himself, marveled at the achieve- 
ment. 





Fic. 69. THE TELEPHONE SWITCHBOARD 


A portion of a “B” board at the Cortlandt Exchange in New York City, 
one of the busiest exchanges in the world. The operators are answering 
the calls from the other exchanges of the city. 


A telephone exchange. Let us cross the street and take 
a glance at one of the busiest telephone switchboards in the 
world. It is in the Cortlandt Exchange. Standing at one 
end and looking down the long line of panels, we see, like a 
field of swaying grain, dozens of waving arms and moving 
cords. The telephone girls are answering the calls of hun- 
dreds of subscribers and making the connections with the 
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other exchanges of the city. In a telephone exchange cre 
two sets of boards, the “A” board and the “B” board. The 
“A” operators answer the calls from the subscribers of that 
particular exchange, and the “B” operators handle the calls 
coming to that exchange from the other exchanges of the 
city. 

Let us pass behind the operators at the “A” board 
and see what happens. We will stop at one panel and 
watch for a few moments. We see a little electric lamp 
light on the panel before the operator. Some subscriber has 
removed the receiver from the hook. The operator picks up 
a cord and plugs into a socket, called a “jack”, just above the 
lamp. At the same time she presses the listening key and 
says, ‘Number, please?” Suppose the subscriber says, 
“Shore Road 3142.” Immediately the operator presses a 
button which puts her in communication with the “B” op- 
erator of the Shore Road exchange and gives the call. A 
trunk line between the two exchanges is assigned for use, 
and in less time than it takes to say it, the two subscribers 
are connected and the conversation has begun. When this 
occurs, two small lamps light in front of the “A” operator 
and she knows that the parties are talking. When they hang 
up their receivers, these lights go out. The operator then 
removes the plugs, and the line is cleared for another call. 

As some of you know, we now have the automatic ex- 
change, or, as it is sometimes called, the “girlless” exchange. 
This is one of the most bewildering arrays of mechanism 
that has ever been invented. I have used these automatic 
telephones and have been behind the scenes to see the ex- 
change in operation, but I can only marvel at their almost 
human intelligence. 


A few figures. If all the telephone lines of the United 
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States were placed end to end, they would measure nearly 
thirty-four million miles in length, or more than a third of 
the distance from the earth to the sun. The copper in them 
weighs nearly three-quarters of a million tons. More than 
half of these wires are in underground cables, but it takes 
more than thirty million poles to carry those that are still 
overhead. To carry the wires in the underground cables 
along Broadway, New York, would require ten pole-lines, 
each as high as the Woolworth Building, with the cross- 
arms two feet apart and ten wires to the cross-arm. In 
New York City alone are nearly a million telephones and 
the employees engaged in the service would make a city of 
nearly thirty thousand population. Between the hours of 
10 A. M.and 11 A. M. nearly a half million calls are answered 
in its various exchanges. In the nation as a whole, the 
people talk with each other at the rate of eighteen billion, 
two hundred and fifty million telephone conversations a 
year. 

Armistice Day, 1921. Come with me once more and we 
shall witness the most impressive ceremony that has oc- 
curred on this continent in more than half a century. Im- 
agine that we are seated in Madison Square Garden, New 
York City, on Armistice Day, 1921. We are about to take 
part in the memorial service over the body of the Unknown 
Soldier at Arlington, Virginia, three hundred miles away. 
Newly invented loud-speaking telephones will catch the 
voices, the music, and the peal of guns at Arlington, and 
amplify them for the reverent thousands who stand with 
uncovered heads in the Garden beside us, and for still 
other reverent thousands listening at the same time in San 
Francisco. 

At fifteen minutes before twelve, from amplifying pro- 
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jectors suspended from the roof of the Garden, comes a 
clear, resonant voice. Every word is full and distinct. Not 
a syllable is blurred. It says that President and Mrs. 
Harding are entering the amphitheater at Arlington. It 
tells of the beauty of the scene, with the Potomac and the 
National Capitol in the distance and the white marble col- 
onnades glistening in the sunlight. In imagination we see 
the silent multitudes gathering to pay the nation’s tribute to 
her heroic dead. The voice ceases. There is an interval of 
silence. The vast audience scarcely breathes. Then we 
hear the strains of the National Anthem carried to us from 
the United States Marine Band playing at Arlington, but 
seeming to come from the Garden itself. 

We listen to Secretary Weeks as he introduces President 
Harding, and then we hear the President say, in a voice rich 
and full, “We are met today to pay an impersonal tribute. 
The name of him whose body lies before us took flight with 
his imperishable soul. We know not whence he came, but 
only that his death marks him with the everlasting glory 
of an American dying for his country.” Again, as he pins 
the Distinguished Service Cross and the Medal of Con- 
gress to the casket, we hear these words, “Won in mor- 
tality, to be worn in immortality.” Finally, echoing from 
the hillsides of Virginia, we hear the peals of artillery and 
the sounding of taps. 

All this, too, was by wire, not by radio. It marked the 
latest advance in telephone invention. If sufficient appa- 
ratus is arranged, it is now possible, even without radio, for 
the President or any other speaker to be heard by every man, 
woman, and child in the United States. What a marvelous 
accomplishment since the first faint cry of the baby tele- 
phone in that Boston attic less than half a century before! 


CHAPTER XVIII 
FROM FARADAY TO EDISON AND STEINMETZ 


In another chapter I told you of the early discoveries in 
electricity and magnetism. Faraday at that time had just 
discovered the principle of the dynamo, the induction coil, 
and the transformer. This principle is the key which un- 
locked the door leading to all the wonderful applications of 
electricity today. The world stood at the beginning of a new 
day. Dawn had come and the morning sun was about to 
rise in all its splendor. People little dreamed of the vast 
possibilities which awaited them. Electricity, which had 
been but a toddling infant, merely the plaything of science, 
was to become the giant of the modern world. I am sure 
you will be glad to know more of this story. 

Dynamos and motors. Back of the swiftly turning wheels 
of the trolley car or subway train that carries you stands 
a motor and a dynamo. Somewhere, often many miles 
away, is a power plant, where the energy of falling water 
or burning coal is being transformed into electric power. 
Miles of copper wire carry this wonderful form of energy 
to the electric motor beneath your car where it is changed 
back again into the energy of motion. Numerous inventions 
and the work of many minds have made all this possible. 
How seldom we think of this when we ride. 

Faraday was a discoverer, not an inventor. He showed 
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the way, but he left it for other men to make the inventions. 
Not for almost a generation after his discovery of induced 
electric currents was a real dynamo invented. In 1865, 
Dr. Henry Wilde, of England, invented a dynamo, which 
he operated by a steam engine. With it he was able to gen- 
erate currents of considerable strength. Then came Sie- 
mens of Germany, Gramme of France, and our own Edison. 
Within fifteen years the principles of the direct current 
dynamo, that is, a dynamo which sends a current in only 
one direction, had been worked out. In applying Faraday’s 
principle of induced currents, these men had found that 
when loops of copper wire, wound on a soft iron core, are 
rotated between the poles of an electromagnet, electric cur- 
rents are generated. I have made a simple diagram in Fig. 
70, with a note of explanation to show how this is done. In 
a large dynamo there are many field poles on the electro- 
magnet and numerous turns of wire on the rotating arma- 
ture. By these means, larger quantities of electric power 
may be generated. 

It had also been discovered that, if, instead of turning 
the armature of a dynamo with an engine, we send a cur- 
rent from another dynamo through it, the armature will 
turn backwards as a motor. Here were the twin discoveries 
from which much of the future Age of Electricity was to 
come. At first these inventions were only curiosities. At 
circuses and fairs small tractor cars were operated for 
amusement. A crude sort of electric arc light was invented. 
Electric motors began to be used to haul the coal cars in the 
mines, but no big uses of electricity had come. Batteries 
were sufficient for the telegraph and the baby telephone. 
Edison, of whom I shall tell you in a few minutes, was be- 
ginning to experiment with the electric light. This was in 
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Fic. 70. THE DYNAMO 


The single loop of wire with the arrows running about it is the arma- 
ture. The ends of the wire are connected to two discs placed on a rod 
which revolves in the direction indicated by the arrow. Pressing against 
the discs are two pieces of copper or carbon. These are called brushes. 
They receive the current from the armature and conduct it to the lamp 
circuit outside, possibly miles away. The armature turns between the field 
poles, N and S, of an electromagnet, called the field magnet. This turn- 
ing of the armature to make it move through the lines of magnetic force 
of the field magnet generates the current. Waterpower or steampower is 
used to generate electricity. In doing this one kind of energy is changed 
into another kind. 


1880. The stage was set. Everything was ready for the day 
of big things. Shortly it came. 
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Westinghouse and electricity. To bring about this big 
day one more invention was necessary. George Westing- 
house, whom we know as the inventor of the air brake, 
provided it. At that time central power stations for com- 
mercial lighting were just beginning to be put into service. 
In those days only direct currents of small voltage, or elec- 
tric pressure, were used. To transmit large quantities of 
electric power to any great distance over small copper wires 
results in heavy losses in the line. These losses are due to 
heat produced in the wire by the electric current. To use 
large copper wire is very expensive. It began to look as 
though electric lighting circuits could be carried but a few 
hundred yards from the central power station. Something 
more was needed, but no one seemed to know what it was. 

Then Westinghouse came upon the scene. He had be- 
come deeply interested in the alternating current. An alter- 
nating current changes its direction many times every sec- 
ond. Every current, as it is generated in the dynamo, is al- 
ternating, but it may be taken off in the outside circuit either 
as direct or alternating. Some time, when you study physics 
in the high school, you will learn all about these two kinds 
of electric current. 

Transformers. I think probably you have heard of trans- 
formers. Some of you know that transformers are used 
in radio sets. They are also often used in your electric 
railroad systems. It was an earlier and much larger use of 
this invention which changed the long-distance transmission 
of electric power from a dream into a reality. Faraday’s 
first induction coil was really a transformer. But it was 
Westinghouse’s enginéers, working in his laboratories under 
his direction, who made the first practical transformer. 
Westinghouse was not himself a trained engineer, but he had 
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become a wealthy man and a great inventor. He provided 
the funds, the courage, and the enthusiasm for the solution 
of this next knotty problem, upon which so much of the 
future depended. 

Now a transformer is a device which “steps up,” as we 
say, alternating current from a low voltage and large quan- 
tity to a high voltage and small quantity. When this is done, 
electric power may be transmitted long distances over small 
copper wires with little loss. Electric power is now trans- 
mitted at voltages as high as two hundred and twenty thou- 
sand. But you know that such high electric pressures can- 
not be taken into a building. Such currents cannot run 
motors or perform any of the many other uses of electricity. 
Still the problem was easily solved. A reverse transformer 
at the opposite end of the line takes this current and “steps 
it down” to a small voltage and large quantity. This seems 
like a modern miracle, and it is. It was the key to the whole 
future of electrical progress. You have often seen these 
transformers on electric-light poles outside a building. 

Westinghouse’s transformer was of no use without im- 
proved alternating current dynamos. So, next he set his 
engineers to work on this problem, and as usual they solved 
it. He also bought Nikola Tesla’s patents for an alternating 
current motor, and after seven years of work in his labora- 
tories invented the modern induction motor. For many pur- 
poses, however, it is necessary to have direct current. To 
meet this need, the engineering staff of Westinghouse’s shops 
at East Pittsburgh invented a machine, called a rotary con- 
verter, which changes alternating current into direct with 
little loss. It certainly does seem like a tale from fairyland. 
The waving of a magic wand seemed to bring almost any- 
thing desired. We begin to see that Westinghouse was just 
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as important in the field of electricity as he was in that of 
the air brake. 

Still, like many another inventor, Westinghouse found 
that his inventions were opposed. The leading scientists of 
the world were not favorable to the alternating current. 
Nevertheless, Westinghouse triumphed. He secured the 
contract for illuminating the World’s Fair at Chicago in 
1893. It was the world’s first display of electric lighting 
on a truly magnificent scale, and Westinghouse did it with 
the alternating current. A little later he built the first big 
alternators for the Niagara Falls Power Plant. Then oppo- 
sition vanished. Today ninety-five per cent of all the elec- 
tric power manufactured and distributed is of the alternat- 
ing current form. Now, in the United States there are gen- 
erated each year about fifty billion kilowatt hours of elec- 
tric power, which is transmitted over nearly a hundred thou- 
sand miles of high-tension lines. 

All this has grown out of Faraday’s discovery of induced 
currents. If he could come back and see all the wonders 
that have come, what a marvelous world he would find! 

Edison and the electric light. While Westinghouse had 
been bringing his dreams to pass, Edison had been busy 
with the invention of the electric light. Every boy and 
girl knows about Edison. He has done so many wonderful 
things during his busy life of nearly eighty years that we 
should need a whole book to tell about them all. I have 
visited his storage battery and phonograph plants at Orange, 
New Jersey, and have talked with men who have known 
him for many years. In the Edison Lamp Works at Har- 
rison, New Jersey, now a part of the General Electric Com- 
pany, I have seen the interesting process of making a mod- 
ern electric lamp. But the general method of making a 
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lamp is practically the same as that invented by Edison 
nearly a half century ago. 

I should like to tell you about Edison’s early career. It 
is a fascinating story. But we shall have to begin at his 
laboratory in Menlo Park, New Jersey, long after he had 
ceased to be a telegraph operator and had become a famous 
inventor of world-wide reputation. 

Edison has been the most successful of the many home 
laboratory workers. At this time, his inventions of tele- 
graph and telephone apparatus had brought him a fortune. 
But he was still a young man and his work of invention had 
only begun. In those days he frequently worked twenty- 
four hours and more at a time. Nothing daunted him. No 
problem seemed too difficult for him to solve. Ever since 
he had been a newsboy on the Grand Trunk Railway in 
Michigan, he. had wanted to be an inventor. Even then 
he had set up a laboratory in the baggage car of the train. 
When he had become a boy telegraph operator, he worked 
every spare moment in an attic laboratory of his father’s 
home, often when he should have been asleep. 

Electric light discoveries. Of course Edison was not the 
first to experiment with electric lights. A crude sort of 
electric arc lamp had been invented in Europe, but it was 
little more than a curiosity. It was too bright, too expen- 
sive, and too troublesome for ordinary use. But Edison saw 
clearly enough just the sort of light that was needed. He 
had a perfect picture in his mind of the small lamp for office, 
home, and factory. He knew that there must be an electric 
filament mounted in a glass globe from which the air had 
been pumped. Of course you know that, if the air is left in 
the bulb, the filament will burn up almost immediately. 

But what should the filament be? That was the puzzling 
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part of the problem. Edison first tried platinum. He 
found it was too expensive and that it did not give a good 
light. Then he tried almost every imaginable substance 
which he thought might answer. Nothing gave satisfactory 
results. Edison, however, was out to win. He knew that 
somewhere was just the substance he needed. It was his 
business to find it. 

One evening after it seemed he had tried almost every- 
thing he could try, he was sitting in his laboratory thinking, 
as usual, of the problem. Accidentally, his hand touched 
a piece of lampblack lying on the table. Without thinking, 
he picked it up and began rolling it between his fingers. In 
a few moments he discovered in his hand a long thin fila- 
ment. Suddenly, there flashed into his mind the thought 
that possibly here was just the substance he needed for his 
lamp. With the utmost care he and an assistant mounted 
it in a globe, pumped out the air, and turned on the electric 
current. For a few moments it glowed with a beautiful 
soft light and flashed out. At length Edison knew that he 
had found the ideal substance. 

Immediately he sent for a spool of ordinary cotton thread. 
Cutting off a suitable length, he bent it horseshoe shape, 
clamped it between two blocks of nickel, and placed the 
blocks in an oven. After five hours, he took the blocks out, 
let them cool, and looked at the filament. It had changed to 
carbon. When he tried to pick it up, the filament broke. 
Yet this seemed only a trifling mishap, and Edison and his 
assistant, Charles Bachelor, again and again carbonized 
a cotton thread, only to find that it broke each time. 
Finally, after three days of continuous trying, they suc- 
ceeded in mounting one of the precious filaments in a glass 
globe, pumped out the air, and turned on the current, I 
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imagine we should have given up long before. What a won- 
derful triumph they had! A light more beautiful than any 
they had ever before seen greeted their happy gaze. How 
long would it last? That was a most important question. 
Utterly forgetting that they had been without sleep for 
seventy-two hours, they sat there and watched that first in- 
candescent light for forty-five hours more. That was on 
October 21, 1879. 

Searching for an ideal material. Still Edison was not 
content. Carbon was the right substance. That was sure. 
Yet he felt certain that there must be some particular kind 
of carbon better than any other. For days and weeks he 
carbonized everything in sight, testing filament after fila- 
ment. It became unsafe for others to leave anything about. 
Umbrellas, walking sticks, hats, everything disappeared! 

Finally one day, Edison noticed upon his desk a bamboo 
fan. Surely, he had tried everything but that. Quickly re- 
moving a long, slender fiber, he carbou:ized it and, mounting 
it in a globe, turned on the current. At last he had found 
the right fiber. Bamboo, that was it! Still there must be 
some kind of bamboo better than any other. Determined 
to find it, he sent men to the Malay Peninsula, China, Japan, 
the West Indies, Mexico, Ceylon, India, and South America. 
He ransacked the earth and finally, after testing more than 
six thousand varieties, he obtained from the jungles of the 
Amazon a specimen ideal for his purpose. Then he em- 
ployed natives of Japan to grow this variety for him. The 
search had cost one hundred thousand dollars, but money, 
Edison felt, was nothing compared with the success of the 
electric light. 

In a short time he had lighted his laboratory, his house, 
and the streets of Menlo Park with the new incandescent 
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lamps. Strange as it may seem to us, all through the holiday 
season of 1879 excursions were run from New York to see 
the spectacle of these wonderful lights. Electric lighting 
was the first great practical application of dynamo elec- 
tricity. Here at last was an invention which the people 
did not oppose. No one preferred the tallow candle or the 
oil lamp to the electric light. 

Introducing the electric light. Edison had just begun. 
Electric lamps were of no use without dynamos and central 
power stations. Besides, fuses, switches, and meters were 
needed; but they did not exist. Edison must invent them. 
The dynamos then in use were not suited to electric light- 
ing, and Edison proceeded to build one. It was a tremen- 
_ dous undertaking. He had no guide. After many mishaps 
and much experimenting, he at length had a dynamo which 
worked beautifully and continued in service for many years. 

On Pearl Street, in lower New York, Edison built the 
world’s first central station and began the commercial dis- 
tribution of electric power. It was a Herculean task, and 
for weeks at a time he scarcely rested. A little later at 
Harrison, New Jersey, he started the world’s biggest lamp 
works. In his factories he built the first lighting plants for 
hotels, ships, and public buildings. 

Edison took out many patents on electric lamps, him- 
self, but the wonderful Mazda lamp with which you are so 
familiar was made in the laboratories of the General Electric 
Company, at Schenectady, New York. I wonder if you 
know that the metal tungsten has been found to be a better 
filament for the electric light than carbon? Are we grateful 
enough for this artificial sunshine which floods our homes 
and office buildings, and on the “Great White Ways” of our 
cities turns night into day? Is it not remarkable that the 
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man who made all this possible is now at work in his labora- 
tory, nearly a half century after his invention of the first 
lamp? 

Big dynamos. Whenever you have an opportunity to go 





Courtesy General Electric Company. 


Fic. 71. THE WORLD’ LARGEST DYNAMO 


Here we see in process of construction the outside frame of a giant 
dynamo capable of doing the work of two million one hundred thousand 
men. It is now installed in a power plant at Niagara Falls. 


into a big electric power plant, do so and listen to the purr of 
the giant dynamos. They almost sound like music in your 
ears. Feel their might and power. Think of the many elec- 
tric lamps, motors, and street cars which draw their supply 
of energy from the tireless motion of these rotating arma- 
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tures. Some of you have been at Niagara Falls and have 
stood in the little gallery in the power plant on the American 
side and watched those huge spinning tops noiselessly, al- 
most magically, converting the energy of falling water into 
electric power. 

Possibly you have taken the elevator down to the bottom 
of the penstocks, one hundred and eighty feet below, and 
have seen the mighty waterwheels which turn the dyna- 
mos above. Each of these dynamos generates five thousand, 
five hundred horsepower and transmits it over many glis- 
tening copper wires to numerous factories about the brow 
of the Falls, or by “stepping up” the current to high voltage, 
sends it to distant cities. 

Just recently the most powerful dynamo in the world 
was installed at Niagara Falls. It was built in the shops 
of the General Electric Company, at Schenectady, New 
York, where it is shown in Fig. 71 in the process of con- 
struction. Forty freight cars were required to carry it to the 
Falls. This mighty machine weighs more than six hundred 
tons, and it will generate seventy thousand horse power. 
This is equivalent to the labor of two million, one hundred 
thousand men, Or this giant could pick up the United States 
battleship West Virginia, weighing thirty-six thousand tons, 
armor plate, guns, crew, and all, and lift it thirty-two feet 
into the air in one minute. 

This generator has been placed in the Lower Gorge Plant 
and receives three thousand five hundred cubic feet of water 
per second through a tunnel running one hundred and 
thirty-four feet below the level of the ground. Two more 
are to be installed, and their efficiency is so great that they 
will use no more water from the Falls than the older dy- 
namos of half their power which they replace. These are 
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alternating current dynamos, and they produce much more 
power than it is possible to obtain with dynamos of the 
direct-current type. Scientists and engineers have learned 
that Westinghouse was right when he urged the adoption 
of the alternating current. 

The world’s largest direct current plant was built by 
Henry Ford at his Detroit Works in 1917. Each of these 
dynamos weighs one hundred and five tons and contains 
enough copper to make sixty miles of No. 10 wire. From 
top to base is a height of twenty-one feet, and across the 
supporting legs a width of twenty-six feet. Each dynamo 
supplies continuously five thousand horsepower, enough to 
light one hundred and fifty thousand twenty-five watt lamps, 
seven thousand five hundred arc lamps, or to run three hun- 
dred street cars. The total output of the whole plant is 
equal to one-eightieth of the power of Niagara and would 
supply the entire electrical needs of a city of fifty thousand. 
The switchboard which controls this plant contains one hun- 
dred and sixty-five tons of copper and cost nearly a half- 
million dollars. 

Electricity has become the magic symbol of modern 
power and we have not yet reached the limit of its wonder- 
ful possibilities. I envy you young readers the privilege 
of witnessing more of the electrical marvels of the coming 
age than it will be possible for me to see. 

Water power and electricity. As we have just seen, 
water power turns the mightiest dynamo in the world. It is 
to be the “white coal” of the future. Should we harness it 
all, we might release for other service ten million freight- 
cars and the labor of a half-million men now engaged in 
the mining and distribution of coal. In the waterfalls of 
the United States and Canada there is going to waste an- 
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nually power equivalent to the burning of a half-billion tons 
of coal. Tumbling down our mountain sides and merrily 
flowing over our hills and through our valleys is waste 
power sufficient to turn nearly every wheel of industry, light 
and heat our homes, operate our locomotives, and drive the 
ocean liners across the seas. The water power of the world, 
without building storage reservoirs, is estimated to be four 
hundred and forty million horse power, or three times the 
total amount of power now used for every purpose. 

Why do I tell you, young readers, about this vaste power? 
Because we should convert more and more of it into electric 
power for a multitude of uses. Because I want you to know 
about it now and to be thinking of the time when some of 
you will help to harness this mighty giant for the public 
good. We have already made a good beginning. At Ni- 
agara, at the uncompleted Wilson Dam at Muscle Shoals, 
Alabama, at the Keokuk Plant of the Mississippi River, at 
Great Falls, Montana, and at many other places both East 
and West, we are using a small portion of the whole, but 
we have not yet really begun to tap this immense reservoir 
of energy. We should never, however, allow our desire for 
power to mar the scenic beauty of great natural wonders 
like that of Niagara. 

It is in the wonderful elasticity of electric energy that the 
marvelous possibilities of water power lie. We may place a 
power plant at a mountain waterfall a hundred miles from 
civilization, step up the current to high voltage for trans- 
mission and in the distant city step it down for practical use. 

What would Otto Von Guericke and those early experi- 
menters think, if they could know all the “magic” that has 
come from their simple beginning? 

The mightiest locomotives. A few years ago in the shops 
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of the General Electric Company, I saw in process of con- 
struction the mightiest locomotives in the world. They were 
electric, not steam. Were you to travel by one of the north- 
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Fic. 72. AN ELECTRIC LOCOMOTIVE 


Were you to travel to the Pacific coast by a certain one of the northern 
routes, you would be drawn by an electric locomotive, the most powerful 
type of locomotive in the world. 


ern routes to the Pacific Coast, one of these locomotives, 
obtaining its power from the energy of falling water, would 
carry you through some of the most picturesque mountain 
scenery of the Rockies. For a distance of four hundred and 
forty miles of this rugged mountain country, both freight 
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and passenger trains are drawn by electric power. At just 
the times when the steam locomotives of these mountain 
roads are frozen and stalled, the electric locomotives are at 
their best. Clean, free from smoke and soot, dependable 
and powerful, electric locomotives will draw more and more 
of the trains of the future. 

One of these massive freight locomotives weighs two hun- 
dred eighty tons and is driven by eight electric motors 
of four hundred twenty horse power each, making a total 
of three thousand four hundred and forty horse power 
for each locomotive. In a tug of war at Erie, Pennsylvania, 
a single electric locomotive brought to a standstill and 
pushed backward along the tracks two of the most powerful 
steam locomotives. One of these electric locomotives car- 
ries a ten-car passenger-train up the steepest grades without 
the aid of a helper, something impossible in the days of 
steam power. 

When you leave or come into one of our big city ter- 
minals, it is often an electric locomotive that pulls your 
train. All the smoke and dirt and the noise of escaping 
steam and blowing whistles have been banished. 

Artificial lightning. Probably some of you have heard 
of the late Charles P. Steinmetz. Coming to this country 
a poor immigrant young man, with scarcely a dollar in his 
pocket, he rose to be the leading electrical engineer of the 
world. One of the interesting things which he did not long 
before his death was to produce artificial lightning in the 
laboratories of the General Electric Company, at Schenec- 
tady, New York. In one of the most marvelous photo- 
graphs I have ever seen, he caught the delicate fretwork 
and tracery of one of these discharges, and it is reproduced 
for you in Fig. 73. 
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Fic. 73. ARTIFICIAL LIGHTNING 


This beautiful display of electricity looks like a piece of delicate lace. 
Yet it was produced by a discharge of artificial lightning. 


Steinmetz wished to see what lightning actually does 
when it strikes a tree or building. So he brought in good- 
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sized parts of trees and even built a miniature village, with 
church and steeple, in his laboratories. Then he produced 
a bolt of lightning driven by one million, five hundred thou- 
sand volts, and watched the havoc wrought. He saw it 
shatter solid blocks of wood and reduce to fragments the 
branches of trees, or travel down the steeple of his church. 
His chief purpose in staging this spectacular display was to 
study the effects of lightning upon the lightning arresters 
which his company was manufacturing. This artificial 
lightning represents more than a million horse power while 
it lasts, but this is only for a hundred-thousandth part of a 
second. It is very real lightning. We see the flash. The 
thunder rolls and the bolt strikes. 

A dream of the future. I say a dream of the future, and 
yet it is one which has already partly come to pass. Nikola 
Tesla and others have been trying for years to solve the 
problem of the wireless transmission of electric power. Just 
think of what a wonderful thing it would be to be able to 
set up an aerial at Niagara Falls or at some mountain water- 
fall and transmit electric power to distant cities hundreds 
of miles away without the aid of wires at all! But, at a 
recent meeting of the American Association for the Advance- 
ment of Science, this very thing was done over a short 
distance. Now that we know it can be done, the dream is 
bound to be fulfilled. 

There will be more dreams as the years go by, and more 
and more of them will come to pass. 


CHAPTER XIX 
MARVELS OF MODERN SCIENCE 


I HAVE never known many boys who were not fascinated 
with experiments in chemistry. One of the first questions 
my boys ask me at the opening of school in the fall is, “How 
can I start a home laboratory?” As we have seen, some 
of these home laboratory workers in times past made won- 
derful discoveries. Priestley and Scheele and Davy and 
Lavoisier worked at home with very crude apparatus and 
little knowledge, except what they discovered for them- 
selves. For a little while today I want to tell you about 
more of these workers and the marvels they wrought. 

The first coal-tar dye. During the Easter vacation of 
1856, William Perkin, a seventeen-year-old student at the 
Royal College of Science in London, was trying in his home 
laboratory to extract quinine from coal tar. Here was a 
lad endeavoring to solve a problem which has baffled the 
most skillful chemists from that day to this. But he did 
something better than that. One evening just at dusk he 
poured alcohol into a beaker containing a dirty, foul-smell- 
ing mess of chemicals. To his amazement and delight there 
flashed into view a beautiful purple dyestuff. Accidentally, 
he had obtained mauve, the first of the coal-tar colors. Fas- 
cinated with the sight, young Perkin stood almost entranced 
for a few moments; but little did he then know the vast 
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Fic. 74. SIR WILLIAM PERKIN 


As a lad of seventeen, this great chemist discovered the first coal tar 
dye. He showed the way to a new industry in which more than two 
thousand similar dyes have been made. 


The next day he returned to his laboratory, determined 
to separate this new color substance and to learn the secret 
of making it. Can you not imagine how interested he was? 
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I presume he scarcely slept that night. The real discovery 
was still to be made, and there was to be a genuine thrill 
of pleasure in making it. It took him more than one day, 
but at length he succeeded. 

Quickly he prepared some more of the color substance 
and carried it to a dyestuff firm to be tested. In a few 
days he received this reply, “If your discovery does not 
make the goods too expensive, it is decidedly the most valu- 
able that has come out for a long time.”’ I am sure any of 
us would be elated with such a reply. Although he was not 
of age, the Crown granted him a patent, and he determined 
to begin the manufacture of the new dyestuff at once. He 
did not know the difficulties which lay ahead of him. 

One cannot build a factory and install machinery with- 
out funds. Where was young Perkin to find them? Every 
one distrusted the business ability of a mere boy. Finally, 
his father and older brothers came to his assistance and they 
organized the firm of “Perkin and Sons.” In the spring of 
1857 at Greenford Green, they built a factory. When 
Perkin looked around for suitable machinery, none was 
to be found. It had not yet been invented. This was a 
new business. Coal-tar dyes were unknown. This young 
man, now eighteen, had to turn inventor. He designed his 
own machines and had them made to order. 

Even after one has a factory and machinery, he must 
have raw material, or they will stand idle. Perkin needed 
benzene, but benzene comes from coal tar, and manufactur- 
ers had always thrown this black, foul-smelling stuff away 
as worthless. What was he to do? Well, he and his brother 
searched the country over, and at length they found a sup- 
ply at Glasgow. Unfortunately it was of such poor quality 
that they had to purify it. 
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Now, benzene is only the starting point in obtaining the 
coal-tar color that Perkin had discovered. He must convert 
the benzene into aniline oil before he could obtain his dye. 
To do this he needed strong nitric acid. However, nitric 
acid of sufficient strength for his purpose was not to be had. 
The large chemical plants of today were then not even 
dreamed of. The modern age of chemistry had not begun. 
Still, nitric acid must be obtained in some way, and so 
Perkin set up a big still and made it himself from salt- 
peter and sulfuric acid, just as you might do in a small 
way in your home laboratory. When all these things had 
been done, the young discoverer was able to produce his 
dyestuff in abundance. He called it ‘““Tyrian purple.” 

Not even yet was the road to be smooth for him. It is 
one thing to make a discovery and quite another to get 
people to adopt it. We have already many times had proof 
of that fact. Dyers preferred the old colors that they had 
always used. Perkin found some trouble, too, in making his 
dye stick to cotton cloth. But he discovered chemicals, 
called mordants, to overcome this difficulty. Then he taught 
the public how to use his dye, and it was not long before 
his plant could not turn it out fast enough. 

In a few years Perkin, and German chemists at the same 
time, discovered that alizarin, known as “Turkey Red,” 
could be obtained from coal tar. Before, this had always 
been made from the madder root, and vast tracts of land 
had been devoted to the cultivation of this plant. Now 
the madder-root industry vanished, and the price of coal 
tar rose enormously. Perkin became a wealthy man. 
In less than twenty years from his first discovery he was 
able to retire from business and devote the remainder of 
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his life to experimenting in his own private laboratory. In 
his later years the king knighted him. 

A treasure house of chemical wealth. I wonder if you 
know that coal tar is a by-product of the manufacture of 
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Eres 75.) CORE 


Here we see coke, made by the old wasteful beehive method, just ready 
to be removed from the oven. By this process all of the valuable gases 
and precious coal tar are burned. 


coke? (Fig. 75.) First I must tell you that a by-product 
is some useful substance obtained in a manufacturing proc- 
ess in addition to the main product. As we have already 
seen, coke is needed in vast quantities to use in the blast 
furnace to obtain iron. The coke is made by heating soft 
coal out of contact with the air in huge ovens until all the 
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gaseous matter has been driven out. In the early days of 
the coke industry and until very recently in this country, all 
of this gaseous matter was allowed to burn as it escaped. 
Millions of dollars’ worth of valuable by-products went up 
in smoke each year. These by-products consisted of coal 
tar, ammonia, and illuminating gas, all of them of great 
value. 

The country that developed the coal-tar and dye industry 
was Germany. When the World War came the United 
States found itself cut off from a host of necessary sub- 
stances. For coal tar is a perfect treasure house of chemical 
wealth. If some fairy had told Perkin all that would come 
out of the dirty mess in his beaker, he would not have be- 
lieved it. Not only does coal tar give us gorgeous dyes 
of every shade and hue, but from it we also obtain every 
perfume known to Nature. It alsc yields drugs for the allay- 
ing of fever and the stilling of pain. The chemist obtains 
from it some of the most powerful explosives and a sweet 
five hundred times sweeter than sugar. He prepares from it 
carbolic acid, antiseptics, and a host of other chemicals. 
Even the alchemist never dreamed of such a fairyland of 
chemical discovery. 

When, in the beginning of the war, our Government 
could not obtain dyes with which to color its postage 
stamps, its paper money, and the uniforms of our soldiers, 
chemists and manufacturers began to see the need of a 
coal-tar industry in this country. In feverish haste they 
began to install the by-product coké ovens at our steel 
plants, and to manufacture our own coal-tar chemicals. In 
the future we shall be independent of foreign countries for 
this wealth of chemical material, so necessary to the 
modern world. 
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We may always remember that this vast industry 
grew out of the discovery of a lad working in his home 
laboratory. 

Modern giants. I suppose you wonder what I mean by 
modern giants. Well, the most powerful giant I know of is 
nitroglycerin, and he has quite a number of brothers and 
sisters and cousins, almost as powerful as himself. 

The discoverer of nitroglycerin was an Italian, Ascanio 
Sobrero, but the man who first made it in large quantity was 
Alfred Nobel. You have all heard of this Swedish chemist, 
for he was the man who left his vast fortune to establish 
the Nobel Prizes, given each year to those individuals who 
have done most to promote world peace and to those who 
have contributed most to science and literature. Nobel 
made his fortune out of the manufacture of explosives. In 
his own private laboratory he discovered how to make nitro- 
glycerin on a large scale and then he built a factory. The 
treacherous stuff, however, exploded so easily that in trans- 
porting it railroad trains and steamships and finally Nobel’s 
own factory were blown up. Governments began to pro- 
hibit its use and it looked as though his new-found industry 
would die an early death. 

A lucky accident. One day Nobel was unloading some 
cans of nitroglycerin, when he discovered that one of them 
had sprung a leak, and some of the stuff had run out and 
mixed with the porous sand surrounding the cans. The 
mixture hardened. This gave him an idea. Why not mix 
liquid nitroglycerin with fine sand and see what it would 
do. Nobel did so, and invented dynamite. He found that 
dynamite was much safer. It did not explode easily and 
could be shipped without danger. He immediately began 
to manufacture it on a large scale and soon had it in use 
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wherever there was to be blasting of rock, as in tunneling 
and mining operations. 

Nitroglycerin is an oily liquid, perfectly harmless to look 
at, and it does not explode readily unless it gets a particular 
kind of shock. This shock is obtained by the explosion of a 
special kind of cartridge. Of course it may get this 
shock in other ways with frightful losses of property and 
life. But it may be burned without danger, and frozen 
nitroglycerin is often thawed over a fire without mishap. 
The story is told of a boy who saw a liquid trickling out 
of a box lying in a railroad station. Thinking that he 
would stop the leak, he got a hammer and nails and began 
to nail up the box. Immediately there came a terrific explo- 
sion which wrecked the building and killed thirty people. 
The box had contained nitroglycerin! 

Nobel also manufactured guncotton. This is made by 
the action of strong nitric acid upon cotton fibers in the 
presence of strong sulfuric acid. But, in order to mold 
the product into grains for guns, he had to dissolve it in 
alcohol and ether. When this mixture is in a thin state, it 
makes ordinary “new-skin.” One day Nobel cut his finger 
and daubed it over with some of the explosive. As he 
watched it set, another idea came to him. Here he had a 
solid explosive which had to be dissolved in a liquid and a 
liquid explosive which had to be absorbed by a solid. 
“Why,” he asked, “can I not dissolve guncotton in nitro- 
glycerin and obtain a double explosive?” He did so, and 
invented blasting gelatin, one of the best explosives for big 
guns and mining operations. 

You will be surprised to know that nitroglycerin has ac- 
tually been tried as a medicine. Of course this.is in very 
minute quantity. The Italian Sobrero placed a trace of it 
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on his tongue and obtained a violent headache followed by 
great weakness of the limhs. He gave a few drops to his 
dog, and the poor animal began to foam at the mouth and 
vomit, and in a short time died. 

TNT and picric acid are two other high explosives made 
in the same way as guncotton and nitroglycerin. They were 
all used in the World War, but they have more important 
uses in times of peace. I do not believe Nobel realized what 
terrible weapons he was placing in the hands of the war- 
makers, when he invented these violently powerful chem- 
icals. He was interested in peace, for he left his fortune 
to promote it. 

A rival of the sun. Not long ago I visited a plant in New 
York City which makes a searchlight almost as hot and 
bright as the sun. For weeks before, I had seen this pow- 
erful light play across the heavens at night and I had been 
told that it could throw a beam from New York to Phila- 
delphia, a distance of ninety miles. Mr. Elmer A. Sperry, 
the inventor, said the temperature of the electric arc which 
produces the light is between six and seven thousand degrees 
Centigrade. This, scientists say, is almost as hot as the 
sun. A very bright curved reflector, similar to that of an 
automobile headlight, throws the light. It was invented 
during the World War for spotting enemy airplanes, and it 
is still useful on shipboard, along rocky coasts, and wherever 
powerful searchlights are needed. 

This is the highest temperature ever obtained on this 
planet. It came about from experiments with the electric 
furnace. Some of the boys in my classes have made electric 
furnaces, and I have two which I use in laboratory experi- 
ments. Sir Humphry Davy, that prince of home labora- 
tory workers, produced the first electric arc. Using a bat- 
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tery of two thousand cells, he connected the poles to two 
pencils of carbon. Then he brought the ends of the car- 
bons together and withdrew them six inches apart. He 
immediately obtained an arc of dazzling brilliancy and in- 
tense heat. In it he could melt or vaporize every known 
substance, and the temperature was probably more than 
three thousand degrees Centigrade. It was too expensive 
to operate an electric furnace with batteries and this impor- 
tant invention had to wait until after the coming of the 
dynamo. 

Making diamonds. Henri Moissan, a_ distinguished 
French chemist, made the first real electric furnace. He 
thrust two electric-light carbons into a small cavity sur- 
rounded with firebricks and connected their ends with a 
powerful source of dynamo electricity. Bringing the car- 
bons together, just as Davy did, he withdrew them a short 
distance apart and obtained a brilliant arc, intensely hot. 
Then Moissan set out to make diamonds. Into an iron 
cylinder he firmly packed powdered charcoal and closed 
the end with a tightly fitting screw plug. Dropping this 
into a carbon crucible, a teacup shaped vessel, he thrust 
the crucible into his furnace, put on the cover, and closed 
the electric circuit. When the iron had melted, he seized 
the crucible with tongs and quickly plunged the fiery mass 
into a tank of cold water. There was a violent boiling and 
the molten iron hardened to solid steel, which produced tre- 
mendous pressure on the charcoal. When Moissan dissolved 
away the iron with acid, and examined with a microscope 
what was left, he found tiny diamonds. It has not yet been 
possible to make large diamonds, but this may some time 
be done. 

The electric furnace on a large scale is now used in many 
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chemical and other industries and gives us the highest tem- 
perature known to science. One day back in 1891, Dr. 
Edward G. Acheson mixed some powdered coke and clay 
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Fic. 76. AN ELECTRIC FURNACE 


Here we see the pouring of liquid steel from the white heat of an electric 
furnace into a ladle. 


in a plumber’s bowl and passed a strong electric curient 
through the mass. After a time the substances melted to- 
gether. Then he turned off the current and when the cru- 
cible was cold, found at the core of the mixture some tiny 
glistening crystals of a very hard substance. He named 
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this new substance carborundum and built a plant at Ni- 
agara Falls to manufacture it. 

This stuff is now used in countless ways for grinding 
purposes. When you go to the dentist, he in all probability 
uses a small carborundum drill on your teeth. The electric- 
ity which made this drill was generated by the falling water 
of Niagara, and this water was drawn from the ocean by 
the sun. During those trying experiences in the dentist’s 
chair, remember that you are having used on your teeth 
just a little crystallized sunshine, and “keep smiling.” 

Molten iron. Once a year in my science classes I bring 
out a shallow sandbox and place it on my demonstration 
desk. On a small iron support I set an iron dish and put 
in it a heap of a powdered mixture called “Thermit.” In the 
center I place another little heap of ignition powder and 
insert a fuse. I light the fuse and in the twinkling of an 
eye I have a lake of molten iron, which quickly melts a 
hole in the bottom of the dish and runs in a stream into the 
sand box below. So hot is the iron that it almost boils. 

About a quarter of a century ago Dr. Hans Goldschmidt, 
a German chemist, discovered this way of producing a very 
high temperature. He mixed iron oxide and aluminum dust 
and upon igniting them obtained molten iron. He called 
the mixture ‘““Thermit,’’ because this name means heat. In 
a short time he invented a Thermit process of welding iron 
and steel. This process does the work very quickly and 
cheaply. It is used a great deal for welding broken street- 
car rails, propeller shafts, and parts of locomotives, 

In welding a street-car rail the ends of the broken rail 
are placed with a short space between them. Wax is fitted 
into this space and a sand mold is built about the rail, leav- 
ing a hole at the top. Then a crucible filled with Thermit 
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is mounted over this hole and the charge is ignited. In less 
than a minute molten iron is running in a stream into the 





Fic. 77. BROKEN STERN POST OF AN OCEAN LINER 


This huge break was welded by the Thermit Process. It was the largest 
marine weld made up to that time. 


sand mold and filling the space between the ends of the rail. 
There it solidifies and, when the rail is cold, the mold is 
broken and the extra iron is cut away. ‘The rail is now 
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stronger than it was before the break, and the repair has 
been done almost while you wait. 

Surely these high temperatures are very useful, and the 
means of obtaining them are among the most wonderful 
discoveries of modern science. 

Another high temperature. One day I stood in a big ma- 
chine-shop and saw a man wearing colored goggles cutting 
through a three-inch piece of steel as easily as though it 
had been cheese. In his hand he held a large torch, which 
was connected by lengths of heavy rubber hose to two 
large steel tanks standing beside him. One of these tanks 
contained oxygen and the other a gas called acetylene. 
Some of you know that acetylene is used for lighting in the 
country where there is no electricity, but maybe you do 
not know that, when it burns with oxygen, a temperature 
almost as hot as that of the electric furnace is obtained. 
It is a brilliant spectacle to stand by and watch the cutting 
of iron and steel by this process. 

The oxyacetylene torch may be used either for cutting 
or for welding. In San Francisco there used to be a skating 
rink having ten miles of brine pipes containing ten thousand 
welds, and every one of these welds was made by an oxy- 
acetylene torch. The cutting up of the armor-plate of an 
old battleship, which used to be a long and laborious proc- 
ess, is now done very quickly with this hot flame. There 
are also many other ways in which it is useful. 

You will remember that when primitive men discovered 
how to make fire they gained their first great mastery over 
Nature. These later triumphs in obtaining high tempera- 
tures are also important victories. 

The smallest particles of matter. The other day in my 
classroom I set up an X-ray apparatus. Probably some 
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of you have had your teeth X-rayed or an X-ray picture 
made of a broken bone. You know that these wonderful 
rays pass right through wood, books, black paper, and 
many other substances which are perfectly opaque to ordi- 
nary sunlight. 

The boys that morning were full of interest. I connected 
a heavy induction coil—a machine for obtaining long elec- 
tric sparks—to the electrodes of the X-ray tube, which I 
had clamped to an iron support. Then we darkened the 
room and started the induction coil. If you have ever 
seen an X-ray tube in action, you know that one-half of 
it lights up with a peculiar greenish light. This is pro- 
duced by the X-rays striking on the walls of the glass. But 
they pass right through the glass and almost anything else 
which happens to be in their path. 

Now, it is a most interesting sight to look at the bones 
in our hands. To do this we have to use a screen, called 
a fluoroscope, on which to catch the shadow picture. Until 
one has been in the dark a few minutes he cannot see these 
pictures, but by the time we were ready that morning our 
eyes had grown accustomed to the light. Then I held the 
fluoroscope in front of the X-ray tube and had a boy with 
a ring on his finger place his hand between the tube and 
the screen. In turn each boy came up and looked. There 
he could see a distinct shadow-picture of the bones of the 
hand with the ring standing out clearly on one finger. The 
X-rays pass freely through the fleshy parts of the hands, but 
not through the dense bones nor the metal of the ring. 

Next I placed a coin inside a book and held that between 
the tube and the screen. There stood a dark shadow of the 
coin showing the exact location of it. A boy handed up his 
pocketbook and we looked at the coins in it. In just the 





AD RO 


NTGEN 


WILHELM CONR 


noe 


FIG 


aS 
"Bb ys 
Gee So ea 
OFS 
a, 
Rad 
E 'y0,2 
Pe 
a. & 
3 
2B» 
os 4 
> oo 
Bea 
aoe 
Bot 
a 
oa 
n ~ 
Sri. 
Be¢ 
rE 
Lae] °o 
oas 
O04 
ae 
ong” 
#4 
Sof EA 
nN" 
o 
SO w 
DES 
bs 
a3F 
190 2 VO 
Mas 
- 43 
gas 
Sey 
Oo Fo 
oO G 
aur 
~ 
5» 8 oO 
Piss 
BES 
023 
S80 
cae vo 
@ AA 
Te 
Maa 


Ww 
pa 


286 


MARVELS OF MODERN SCIENCE 287 


Same way, a surgeon is able with the X-ray to locate a bul- 
let or piece of steel in any part of the body. 

A doctor told me that at one time in the X-ray room of 
a New York hospital there were two youngsters. One 
had swallowed a screw and the other a jeweler’s small screw 
driver. With the X-ray they located each and then throw- 
ing the light from an electric lamp down the throat success- 
fully removed it. In this same hospital by means of the 
X-ray I watched the beating of the heart and the respira- 
tory movements of the lungs. 

I hear you asking, ‘‘What has this to do with the smallest 
particles of matter?” Well, just this: Some time before 
the German scientist Professor Wilhelm Conrad Rontgen 
had discovered the X-rays, it had been shown that the nega- 
tive pole of the tube used to produce these rays shoots off 
at enormous velocities myriads of tiny negative particles, 
which have since come to be called electrons. These, sci- 
entists tell us, are the very smallest particles of matter. It 
is from electrons that atoms are made. All of you who 
have radio sets know that electrons play a very important 
part in your detector bulb. These electrons are inconceiv- 
ably small. You cannot imagine how small they are. A 
great English scientist, Sir Oliver Lodge, says that an atom 
of hydrogen weighs a million million million times less than 
a tiny grain of lycopodium powder, and an atom of hydro- 
gen is a giant compared with an electron. It weighs nearly 
two thousand times as much. A little while ago, we were 
trying to stretch our imaginations to the great size of the 
universe. Now we are having just as much difficulty in 
puckering it up to fit the very, very small space occupied 
by an atom or an electron. When these electrons are sud- 
denly stopped in their mad rush, X-rays are produced. 
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The dream of the alchemist almost come true. In the 
spring of 1921 I attended a luncheon given in New York 
City in honor of Madame Curie. You know that Madame 
Curie and her husband, Pierre Curie, were the discoverers of 
the marvelous element radium. She was in this country 
at that time to receive the gift of a gram of radium from 
the women of America. A gram of radium is a very small 
thimbleful, but radium is the rarest element known and 
this was a generous portion of the world’s very scanty 
supply. 

You will understand better how precious this element is 
when I tell you that to secure this small quantity required 
six hundred tons of ore and the labor of five hundred men 
for six months. In extracting this radium from the ore 
there were used ten thousand tons of distilled water, one 
thousand tons of coal, and five hundred tons of chemicals. 
If we were to build a tank to contain the distilled water, it 
would need to be twenty feet in diameter and taller than 
the Eiffel Tower in Paris. So rare is radium that a short 
time ago it was worth one hundred and twenty thousand 
dollars a gram. But a recent discovery of radium ores in 
Africa has reduced this price to seventy thousand dollars a 
gram. 

The discovery of radium by the Curies shortly after 
Madame Curie was graduated in chemistry from the Uni- 
versity of Paris, nearly thirty years ago, is one of the 
romances of modern science. It had been learned by Pro- 
fessor Becquerel of Paris that the metal uranium gives off 
rays similar to X-rays. Then Madame Curie began a 
search to discover whether any other elements also had this 
remarkable property. In examining the mineral pitch- 
blende, from which uranium is obtained, she found that it 
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Fic. 79. MADAME CURIE 


The discoverer of radium is here seen at work in her laboratory at the 
Sorbonne, Paris. 
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is four times as radioactive as uranium itself. This led her 
to believe that this mineral must contain some other element 
of very strong radioactive powers. She obtained a ton of 
the ore and immediately set out upon the path of discovery. 
After a prodigious amount of work, she succeeded in sep- 
arating an exceedingly small quantity of a substance two 
and a half million times as active as uranium. She called 
it radium. 

“But what of the alchemist?” I hear you asking. 
It was found that this remarkable element actually decom- 
poses, giving new elements, principally helium, used as you 
know to fill airships, and lead. Is not this what the al- 
chemist tried to do? Did he not spend his life in a fruitless 
effort to change the baser metals into gold? But there is a 
difference between the alchemy of radium and that of the 
searcher after the Philosopher’s Stone. In the case of 
radium we can neither hasten nor retard the process. We 
may simply stand by and watch it. The alchemist wished 
to control this changing of one metal into another and to 
be able to make gold whenever he wanted it. That we shall 
probably never be able to do. 

I have not yet told you the most remarkable thing about 
this element. In breaking up it gives off X-rays and a vast 
quantity of energy. In 1700 years half of any given amount 
of radium, say an ounce, will decompose. In another 1700 
years, half of the remainder, and so on. A ton of radium 
would supply enough energy to heat and light a large city. 
This supply of energy would last for many centuries. Still 
we have no large quantity of radium. But we do find a 
most important use for the small amounts which we are 
able to obtain. A short time ago I visited the largest radium 
hospital in America, In a large steel safe protected by 
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thick walls of solid concrete are four flasks containing four 
grams of radium. Each morning at nine o’clock a glowing 
gas is pumped off from this radium. This gas is sealed in 
tiny capsules which are placed in the diseased tissue of a 
cancer patient where it soothes and heals and helps to 
overcome this dread malady. For medical purposes it is 
found to be of the utmost value. 

I have told you of some of the marvels of science. There 
are many others. Before you grow old there will doubtless 
be discoveries outshining any that have already occurred. 
Possibly you will help to make some of them. I hope so. 


CHAPTER x 
TWO ROYAL ENTERTAINERS 


Ir I were to ask you boys and girls which two inventions 
have given you the most pleasure, I am sure many of you 
would answer, the phonograph and the moving picture ma- 
chine. Surely the invention which makes possible the won- 
derful creations of the “silver screen’ would be one, and 
I think the talking machine would be a close second. I want 
to tell you something about these two inventions. Let us 
first take the phonograph. 

The talking machine. One day, surrounded by his work- 
men in the famous laboratory at Menlo Park, New Jersey, 
Edison slowly turned the crank of a curious looking ma- 
chine and spoke into the mouthpiece the first verse of ““Mary 
had a little lamb.” Then, bringing the cylinder of the ma- 
chine to the starting point, he turned the crank again and 
the words of this old nursery rhyme were repeated clearly 
and distinctly in the familiar tones of Edison. This was 
the first reproduction of the human voice ever made by a 
talking machine. Edison himself was astonished and those 
who listened were dumfounded. Here was surely a won- 
derful invention, and it had been born almost over night. 

For a number of years Edison had been working on tele- 
graph and telephone devices. He knew how the human 
voice could make the thin metal diaphragm of a telephone 


transmitter vibrate. Then one day he was experimenting 
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with an automatic telegraph transmitter. A long strip of 
paper tape, indented with the dots and dashes of the Morse 
code, was being drawn between two contact points of the 
sending apparatus. When he drew this tape rapidly through 
the device Edison discovered that the lever attached to one 
of the contact points was thrown into rapid vibration pro- 
ducing a musical note. “Why not reproduce the human 
voice?” thought Edison. 

The picture of a real talking machine quickly took shape 





Fic. 80. AN INVENTOR’S SKETCH 
This rough sketch by Edison gives his first plan for the phonograph. 


in Edison’s mind. It is said that within ten minutes he had 
made a rough sketch of the device. Marking $18 on the 
margin of the paper, the piecework price he would pay for 
the job, Edison handed it to John Kruesi, his most skillful 
workman, asking ‘How soon can you get this out?” 

Kruesi replied, “I do not know exactly, but I will do my 
best.” Knowing that Kruesi’s best meant the utmost of hu- 
man possibility, Edison told him to go ahead. 

In thirty hours the machine was completed, and Kruesi, 
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keenly interested in the outcome, carried it to his master. 
It was a very crude affair. A cylinder, as shown in Fig. 80, 
attached to a horizontal shaft turned by a crank passed 
beneath a mouthpiece similar to a telephone transmitter. At 
the bottom of the mouthpiece was a flexible diaphragm to 
which a sharp-pointed pin was attached. Over the cylinder 
Edison wrapped a smooth-fitting piece of tinfoil, against 
which the pin point pressed lightly. Then, as he turned the 
crank and spoke into the mouthpiece, the vibrating dia- 
phragm caused the pin to make a tiny groove in the tinfoil. 
The variations in this groove corresponded exactly to the 
sound waves of the voice. By returning the cylinder to the 
starting point and again moving it beneath the mouthpiece 
so that the pin point followed the groove, the diaphragm was 
made to vibrate and reproduce exactly the human voice. 
It seems perfectly simple now. But it is often the mark 
of genius to see the simple things. 

To those first listeners this reproduction of the human 
voice seemed like a miracle. The awe-stricken Kruesi ex- 
claimed, “Mein Gott in Himmel!” All night this little group 
remained in the shop to listen to this latest marvel of in- 
vention. Over and over they talked and sang into the 
mouthpiece, and each time there came back the clear echo of 
the voice. Even the exact tones of each speaker were easily 
recognized. 

The next morning Edison took his invention over to the 
office of the Scientific American in New York City. Edison 
himself has told of this experience. He says: “I went up 
to Mr. Beach’s desk, and said I had something to show him. 
He asked what it was. I told him I had a machine that 
would record and reproduce the human voice. I opened 
the package, set up the machine, and recited, ‘Mary had a 
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little lamb,’ etc. Then I reproduced it so that it could be 
heard all over the room. They kept me at it until the crowd 
got so great Mr. Beach was afraid the floor would collapse; 
and we were compelled to stop. The papers next morning 
contained columns. None of the writers seemed to under- 
stand how it was done. I tried to explain, it was so very 
simple, but the results were so surprising they made up 
their minds probably that they never would understand it 
—and they didn’t.” 

Describing the first demonstration in his laboratory, Edi- 
son says, “I was never so taken aback in my life. Every- 
body was astonished. I was always afraid of things that 
worked the first time, . . . but here was something there 
could be no doubt of.” Edison had expected the production 
of sound, but not the voice and the very words. 

The public becomes interested. Edison immediately be- 
gan to build a number of larger machines. The news of the 
invention spread throughout the country. Excursions were 
run to Menlo Park and hundreds flocked to his laboratory 
to listen for themselves to this newest marvel. Prominent 
people in Washington telegraphed him to come there and 
he did so. Everybody was interested. Before distinguished 
statesmen, and even at the White House, he exhibited his 
machine and gave many demonstrations. 

Just as Bell had given entertainments with the newly 
invented telephone, so did Edison give them with the phono- 
graph. A company was organized and hundreds of demon- 
strators equipped with machines were sent over the country 
to satisfy the interest and curiosity of thousands of people 
who could not come to Edison’s laboratory. Admission fees 
were charged ana considerable revenue was derived from 
this publicity. 
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One of the first and most interesting results of the phono- 
graph was Edison’s collection of the “Voices of the Great.” 
In this he has preserved the voices of such distinguished men 
as Browning, Henry Ward Beecher, Tennyson, Bismarck, 
and Gladstone. Is it not wonderful to know that even now 
it is possible to listen to the very tones and accents of Henry 
Ward Beecher, the most noted pulpit orator of America’s 
past? It seems to me that this is the most awe-inspiring 
feature of the phonograph. 

Caruso’s marvelous voice and those of many other famous 
singers are preserved in records for the pleasure of thou- 
sands yet unborn. These royal entertainers pass from the 
stage, but we still listen to their voices, rich and full, as 
though they were yet among us. What would we not give 
to be able today to listen to Washington’s inaugural ad- 
dress, Webster’s memorable speech on “Liberty and Union” 
and Lincoln’s Gettysburg address in the voices of these great 
men? 

Improvements in the phonograph. It was soon found 
that tinfoil was not a suitable substance on which to take 
the impression. Wax was substituted, a special kind, pre- 
pared by Edison after much experimenting. As you know, 
a thin flat disc is now used instead of the cylinder on which 
to make the record. Have you ever wondered how so many 
records of a single selection may be made? Well, it is like 
this: In making the original record, the pin, or stylus, 
attached to the vibrating diaphragm of the mouthpiece, in- 
stead of digging a groove in wax, is made to trace a wavy 
line on a greased zinc disc. Then by means of an acid, this 
wavy trace is etched, or eaten, out. After this the zinc 
disc is hung at the negative pole of an electroplating bath 
and covered with a fine, even deposit of copper, just as an 
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electrotype for printing a book is made. When this deposit 
is thick enough, it is removed from the zinc disc and backed 
with a layer of lead. From this mold, or master record, 
as many as a thousand other records may be stamped in 
hard rubber by means of heat and pressure. 

Today the fundamentals of the phonograph are the same 
as when Edison invented them a generation ago. 

The dictaphone. The other day I received a letter from 
Edison’s secretary, Mr. Meadowcroft. Near the lower left- 
hand margin of the sheet was typed this word “Ediphoned,” 
and underneath it the name of the secretary. That called 
my attention to the dictaphone, or ediphone, another of Edi- 
son’s inventions which grew out of the phonograph. This 
is a device to take the place of a stenographer in dictation. 
Instead of dictating a letter, a business man speaks into the 
mouthpiece of this instrument and a record is made on a 
wax cylinder. Then, at some later time, the office typist 
may start the dictaphone and type the letter. The voice 
may be reproduced slowly or rapidly and, what is a 
great advantage, the dictaphone will repeat a sentence if the 
typist does not get it the first time. A machine for scraping 
the impression from the wax makes it possible to use a 
cylinder many times. 

The dictaphone is used in large offices, in banks, and to 
make court records. Detectives frequently conceal this tell- 
tale instrument in a room of some suspected person, to re- 
cord a conversation. It is of great value in foreign language 
instruction. The student may repeat a record as often as 
he likes and in that way learn the difficult art of pronuncia- 
tion. 

The future of the phonograph. Of course you know that 
you do not care to listen to the phonograph as much now 
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as you did before radio broadcasting came. Still the radio- 
phone can catch only the fleeting entertainment of the pres- 
ent moment. It cannot preserve the voices of today for 
the pleasure of the future. We must listen to whatever 
comes on the radio. With the phonograph, we may make 
our own selection, and often one of a higher quality than 
we obtain from the ether. The phonograph has come to 
stay. The radio can never displace it. It will always re- 
main what it has been for thirty years and more, a royal 
entertainer. 

Motion pictures. The other day I visited in New York 
City a large plant for the manufacture of moving-picture 
cameras. The manager of it is a young man, a former 
pupil of mine. Recently I helped him solve an electrical 
problem connected with one of his machines and he invited 
me over to his factory. I always like to know what my for- 
mer pupils are doing. This lad, Jack Spence, is a real in- 
ventor himself and has taken out a number of patents. 

First he showed me the camera, a beautiful piece of work- 
manship. It is small and compact, not nearly so large as 
the camera of a regular photographer. Hundreds of feet 
of film are wound inside the drum, and, as the operator 
turns the crank, sixteen pictures are taken per second. The 
exposure for each picture is a thirty-second of a second, and 
it requires another thirty-second of a second to bring the 
next portion of the film into place behind the camera lens. 
The lens shutter opens for a thirty-second of a second, closes 
for a thirty-second of a second, and so on. Your arithmetic 
will tell you that this makes sixteen pictures while your 
watch is ticking once. 

After visiting the big machine shop, where a small army 
of men were at work making the various parts of the cam- 
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era, Mr. Spence took me into the room where the film, hav- 
ing upon it the hundreds of negatives obtained by devel- 
oping and fixing the exposures made in the moving-picture 
camera, is put through a printing machine. It is here that 
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These camera men are making moving picture films of this important 
historic event. Fine feathers set adrift by rapidly revolving airplane pro- 
pellers take the place of snow. 
the positive film, the one from which the picture is projected 
upon the screen, is made. Girls sitting at these automatic 
machines supervise the rapid printing operation. 

Next we went into the dark room. In one end was the 
familiar red light, but not a single ray of sunlight is ever 
admitted, for the least bit of light from the outside would 
cause hundreds of dollars’ worth of damage. In this room 
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we saw a man developing and fixing the positive films. 
Every moment or two he would lift from the deep develop- 
ing bath a frame having upon it many feet of film. Holding 
it to the red light, he examined it carefully. Often he put 
it back in the developer, but, if the action were complete, he 
thrust it into the fixing bath, and after a time into the bath 
of fresh running water to wash it. From there we went to 
the drying room, where the films, wound on huge revolving 
reels, were being dried in air of a certain temperature, which 
had been filtered free from dust before being admitted to 
the room. At every point the utmost care is used to make 
the film perfect. 

When you sit comfortably in a moving picture theater 
watching some film which makes you feel as though you 
were a part of the scene itself, you probably never think of 
these faithful workers and the many operations required to 
give you this pleasure. 

Discovery and invention. If you will consider a moment, 
you will remember that most of the inventions about which 
we have talked have been perfected by some one inventor. 
Often many other men had made early experiments. But 
some single mind brought the machine to a final triumph. 
Of motion pictures, however, there is no single inventor. 
Motion pictures required so much in the way of invention 
that it would have been a marvel for a single mind to pro- 
duce it all. 

For many years the idea of motion pictures had been 
known. You know that a stone whirled on the end of a 
string appears as a circle. You cannot see the separate 
blades of an electric fan, when it is in motion. This is due 
to what scientists call the “persistence of vision.” The im- 
pression of one image on the retina of the eye lasts for 
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about a sixteenth of a second after the image has disap- 
peared. If these images can be made to follow each other at 
the rate of sixteen a second, they will blend together and 
make a single picture. That is just what the moving picture 
camera and its twin companion, the moving picture pro- 
jector, do for us. If you were to look at a moving picture 
film, as I did the other day, you would discover that the 
pictures close together on the film appear practically alike. 
Remember that sixteen pictures are made per second. In 
that short time there is not much motion. The scene does 
not change much. But, if you examine views separated 
with from thirty-two to sixty-four pictures in between, you 
will notice a change. Now, when these successive pictures 
are thrown on the screen at the same rate as the camera took 
them, they give us a perfect idea of motion. 

All this had been clear enough for many years, but there 
were serious difficulties to be overcome. One of the earliest 
and simplest moving picture machines consisted of a string 
passing through two holes in a cardboard disc having the 
figure of a bird on one side and that of a cage on the other. 
By twisting the string and making the disc whirl rapidly, 
we seem to see the bird entering the cage. I had at one time 
a little booklet filled with many colored drawings showing 
what takes place inside the cylinder during the four strokes 
of a gasoline motor. Each drawing was but very slightly 
different from the one that came before it. As the thumb 
was placed across the edges of the leaves and the pictures 
were brought in rapid succession before the eye, there was a 
perfect representation of what happens in the four strokes. 
Here in a very crude way were moving pictures. 

Many toylike devices making use of this principle.were 
invented during the first three-quarters of the iast century. 
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Then in 1878 came a real moving picture event. Governor 
Leland Stanford, of California, made a wager that, for a 
brief instant during the gait of a rapidly trotting horse, his 
feet entirely left the ground. There was only one way to 
settle the dispute. Pictures of a horse in motion must be 
taken. Edward Muybridge, an enthusiastic photographer, 
undertook the task. He set up a battery of twenty-four 
cameras and to their shutters attached threads running 
across the race track. As the horse came down the track, 
he broke the threads and snapped the cameras. The pic- 
tures proved the governor to be right, but more important 
still they set Muybridge at work on the problem of project- 
ing moving pictures on the screen. He did succeed in do- 
ing this in a rather imperfect way, but he had no moving 
picture camera. To obtain enough pictures to last a minute 
would have required 960 cameras. About this time Dr. E. 
J. Marey, of Paris, invented the ‘‘Photographic Gun,” by 
which he took twelve pictures per second, but they were all 
on separate plates. The flexible celluloid film had not then 
been invented. 

The work of Edison and others. At this time all the prin- 
cipal discoveries had been made. Inventors knew just what 
was needed to make motion pictures a success. Still the 
problem baffled them. Three things were necessary: a prac- 
tical moving picture camera, a flexible photographic film, 
and a moving picture projection lantern. In due time these 
came. 

To one of these problems Edison applied himself with all 
his wonderful energy and enthusiasm. Up to that time he 
had devoted himself entirely to electrical devices and the 
phonograph. He knew nothing of photography. But that 
did not trouble Edison. He could learn. Immediately, he 
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turned his laboratory at Menlo Park into a photographic 
shop. After a long period of experimenting, making one 
machine after another, Edison, in 1889, succeeded in invent- 
ing the first modern motion-picture camera. 

Edison had also tried to devise a photographic film, but 
this problem was solved by two other inventors, George 
Eastman and Dr. Hannibal Goodwin, a poor clergyman. 
They hit upon celluloid as the proper material, and it proved 
to be ideal. This is the same kind of film that you use 
now in the spool of your Kodak. Although the courts later 
decided that Dr. Goodwin was the real inventor, Eastman 
was the first to manufacture celluloid film on a large scale. 
One more step had been taken. A third remained. 

Edison next built a motion picture studio, called the 
“Black Maria,” and set boys and actors to performing all 
sorts of stunts before his camera. Miles and miles of film 
were made to be exhibited in his newly invented kinetoscope. 
This was the early “peephole” machine. By looking through 
a small lens, one person at a time was able to see the film 
as it moved rapidly through the machine. However, Edison 
did not invent the modern projection machine. 

The work of a young stenographer. For two years a 
young stenographer in the Treasury Department at Wash- 
ington had been spending all his spare time at a bench in the 
back yard of his boarding house. This young man was C. 
Francis Jenkins, and he had been working on a crude model 
of a projection machine for moving pictures. In June, 1894, 
he shipped the results of his many months of patient labor 
to his home at Richmond, Indiana, where he was going on 
a vacation. Then he announced to his friends that he would 
give an exhibition of moving pictures. Using current from 
a nearby trolley wire, reduced in voltage by a home-made 
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transformer, he put on a film, called “Annabelle the 
Dancer.” This was the first exhibition of moving pictures, 
as we know them today. The little audience was as- 
tounded. They did not know whether they had been tricked 
or not. Some of them tried to discover whether the dancer 
herself might not be there. When they found that there 
was only a white sheet with nothing behind it, they were 
more mystified than ever. 

Having no money to build a better machine and place it 
upon the market, Jenkins formed a partnership with Thomas 
Armat., For a time they worked together to improve the 
machine. Then becoming discouraged, -Jenkins sold to his 
partner for twenty-five hundred dollars his rights in a patent 
which might have brought him millions. Armat then formed 
a partnership with Edison and the real motion picture ma- 
chine of today was quickly perfected. 

There are now in the United States more than thirty 
thousand motion picture houses, visited by nearly fifteen 
million people each day, who spend nearly a billion dollars 
a year for this popular form of entertainment. The motion 
picture business is the fifth largest industry in the country 
and it is still growing. It not only entertains, but it in- 
structs. In my classroom I have a moving picture machine 
with which I illustrate all sorts of subjects in science and 
geography. As the film improves, it will bring real opera 
and drama to the small community. Even now you know 
that it brings you royal entertainment. I am sure we are 
all grateful to the many inventors who have made such 
wonderful pictures possible. It is interesting to know that, 
just as the phonograph preserves the voices of famous people 
so the moving picture film will preserve the scenes of the 
World War and other events for future generations. 


; CHAPTER XXI 
POWER AND SPEED FOR EVERYBODY 


Dip you ever stand on the Main Street of a big city just 
at the rush hour and watch the bewildering array of auto- 
mobiles, motor trucks, and hurrying pedestrians? I often 
take a Fifth Avenue bus in New York City at this particular 
hour of the day, and, climbing to an upper seat, leisurely 
observe the crush of moving vehicles and dense throngs of 
human beings. What a sight it is! Almost in vain I some- 
times look for the horse, but here and there I spy an old-time 
hansom cab with its liveried driver sitting on his high seat 
and guiding the faithful animal who but a short time ago 
reigned supreme on every highway of the land. As though 
speed were the main object of life, the swirling crowds and 
the swiftly moving vehicles hurry on until the policemen at 
every block, and the signals of the semaphores call a halt, 
while the traffic on the cross-streets has the right of way. 

One evening, as I was studying this picturesque scene, I 
asked myself, “What has made this pageant possible? What 
has changed the streets of our cities into horseless thor- 
oughfares?” Almost without thought the answer came, 
“The gasoline motor.” I want to talk to you a few minutes 
today about this wonderful little motor and what it has 
done. 

Who invented the gas engine? The gas engine, which is 
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practically the same as the gasoline motor, came first. The 
steam engine had solved the big power problems. But still 
it was not every man’s engine. The world needed a small, 
light, portable engine, with “steam” always up, that could 
be used by anyone anywhere. Many inventors saw the need 
of such an engine, but how was it to be had? More than 
a century ago Sir George Cayley, an Englishman who first 
worked out the laws of airplane flight, devised a crude sort 
of hot-air engine. Later John Ericsson, a Swedish engineer, 
who built the famous iron-clad Monitor for our navy during 
the Civil War, experimented with this same kind of engine. 
At a much earlier date Huyghens, a Dutchman, and Papin, 
a Frenchman, had tried to operate an engine by the energy 
of exploding gunpowder. Not much was accomplished, how- 
ever, until 1860, when another Frenchman, named J. J. E. 
Lenoir, built and patented the first real gas engine. It was 
a crude, clumsy device, made like a steam engine and having 
but little power. Instead of using steam to drive its piston, 
it employed the energy from an explosive mixture of gas and 
air. That is just what we use today; so we see that the 
first step had been taken in the right direction. 

In 1866 came Otto and Langen, two Germans, who in- 
vented the modern four-cycle motor. I will tell you in a 
moment just what such a motor is. At first they used a 
simple mixture of gas and air. Then they found that by 
compressing the mixture before igniting it much more power 
could be obtained. Soon it was discovered that gasoline 
could be used instead of gas. The rest was simple. To 
perfect the modern engine, which you use in your motor car 
today, was only a matter of experiment. It has required 
the work of many mechanics. Many ideas have been built 
into this marvelous little motor, and every year it is being 
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improved. What it wili de a quarter of a century from now, 
we can only imagine. 

The four-cycle motor. I know you want me to tell you 
something about this four-cycle motor and how it works. 
You will see that I have drawn some diagrams to illustrate 
it. At the top of each motor cylinder is a spark plug, where 
the hot spark is produced tg ignite, or set fire to, the mix- 
ture of gasoline vapor and air. A little below, on the sides, 
are two valves. Valve V’ is the intake valve and leads to 
the carburetor, which you know vaporizes the gasoline and 
mixes it with just the right amount of air to burn it. Valve 
V is the exhaust valve. This valve opens on the last stroke 
and allows the burned gases to escape through the muffler 
into the air. Below this are the piston and the heavy fly- 
wheel. If you have seen a piston at a garage, you know 
that it is not perfectly smooth and solid. Such a piston 
would not be gas tight, and you know that in that case you 
would lose what the garage man calls compression and 
consequently power. So, near the top of the piston are a 
number of grooves fitted with rings. These rings do not 
form a complete circle. Their ends do not quite meet. 
When the engine gets hot they have a chance to expand and 
press out snugly against the sides of the cylinder. This pre- 
vents any gas from escaping and any loss of power. With 
Fig. 82 will be found a description of how the gasoline 
motor works. 

Maybe you wonder why this is called a four-cycle motor. 
It really should be called a four-stroke motor. A cycle 
means one complete revolution of the crankshaft and fly- 
wheel. But, while there are four strokes of the piston, we 
have only two revolutions of the flywheel. 

Of course you know that automobile engines have four, 


2777777771 


ILILZIZIITIZA 
~ 


> 








VAMOTLEOTLOTIET EO EUTD TILE L LLL 








Fourth Stroke 


Third Stroke 


Second Stroke 


First Stroke 


*d¥0.14S 
ysneyxa oy} pure ‘ayorys Bury oy} ‘ayoI}s uUorssardu0d 94} ‘ayoI}S BUIZIeYD oY} IopIO Ul pal[ed ore sayoI}s Ano} 


asoyy, ‘eYOuS yJINoF oy} ur uojsid oy} Jo JUaWeAOW preMdn 94} Aq Japynur pue edid ysneyxa 94} Ysno1y} Jno 
peodoy oie sases oy} pue susdo A sA[eA ‘dYOI]S PAIY} OY} JO pula oy} Sayover uojsid oy} se ysn{ “TOJOUI ayy 
0} Jamod saats yey} ySNAYI SIG} St IY ‘BWeYS YUeIO oY} UO JsMxy} w DAIS pue ‘9yoI]S psy} 9q} ‘UMOpP uUo}jsId 9yy 
go10} Surpuedxea ur yotyM ‘sase3 pozeoy A[YsIY JO 9UINJOA oS1vT v YIM JopUT[AD 94} S][Y suring sig, “sases oy} 
sory ‘jue}suT 3ey} ye Ysnf sind90 yorym “HIVds JoY ay} ‘ayxo13s puosas oy} Jo do} ay} }yW ‘passatdurod st Japur[Ao 
ay} Ul sed 94} pue ‘pasop> oie saATBA YJoq ‘dn saaow uojzsid ay} ‘ayxOI}S PUOdDES 9Y} UT ‘“OJIINGIeD dy} WOT] 
are pure se3 jo oinjxtm & ur Jummerp ‘suado ,A 9ATPA pue UMOP sadour uOjsId 94} ‘eyxoOI}S JsIy OY} UT ‘SuOT? 
-njoAet OM} ZuLINp apeur sie ADYT, “UMOYS IV 10}JOW JUT[OSES OY} JO SaYOI}S INOF ay} UOTPeA}SNIIE sty} uy 


GANIONG ANITOSVO AHL °28 Sf 


309 


310 THINKERS AND DOERS 


six, eight, and sometimes twelve cylinders. You know, too, 
that all of these cylinders do not fire at the same time. In 
a four-cylinder engine there are four explosions for every 
two revolutions of the crankshaft. In engines of six, eight, 
and twelve cylinders, these explosions come more frequently. 
This gives a more even motion and greater power. 

Uses of the gasoline motor. Let us stop and think for a 
moment of the many uses of this marvelous little engine. 
How many can you name? I wish I had you right here 
before me so that I could see your hands go up. I know 
you could name a good many. First of all the automobile 
would have been impossible without it, or at least the auto- 
mobile as we know it today. Then, too, the airplane, the 
submarine, the motor boat, the motor cycle, and the farm 
tractor would still be but dreams of the future. Many 
of you who live in the country have electric-light plants, 
and you know that the dynamo which charges your storage 
battery is run by a gasoline engine. You are familiar, too, 
with its use for pumping water, grinding feed, sawing wood, 
cutting ensilage, running the milking machine, the cream 
separator, and sometimes the washing machine. I have 
no doubt you know of other uses. 

The automobile. I have called this chapter “Power and 
Speed for Everybody.” I think that is just what the gaso- 
line engine gives, especially its use in the automobile. I 
believe the automobile has done more to brighten the lives 
of people everywhere than any other invention. I think you 
will agree with me. It has certainly made this old earth 
smaller. Distances are not nearly so great as they used to 
be. With the airplane, the telegraph, the telephone, and 
the radio, this planet gets smaller every day. Very soon it 
will be nothing but a dwarf. 
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I wonder how much you know about the first automobiles. 
I do not believe many hands would go up on this question. 
All through the last century, there were many attempts in 
Europe to run wagons and buggies on the highways by 
means of steam. Not until 1889 was a gasoline motor used 
to drive a four-wheeled vehicle. In that year Messrs. Pan- 
nard and Levassor of France built the first gasoline car. 

Here in America there has always been some dispute 
as to who built our first car. On one point there is no doubt. 
George B. Selden, of Rochester, New York, applied for the 
first patent for the right to use a gasoline motor to run a car. 
That was in 1879. Selden was the first enthusiastic automo- 
bilist in this country. He saw the coming of this wonder- 
ful age long before anybody else glimpsed it. 

One day Selden said to a friend, from whom he was 
trying to borrow five thousand dollars to start the building 
of a car, “Jim, you and I will live to see more carriages on 
Main Street run by motor than are now drawn by horses.” 
His friend replied, “George, you are crazy, and I won’t have 
anything to do with you.” Selden, however, was right. 
Both men lived to see his statement come true. 

It is said that in 1892 Charles E. Duryea built America’s 
first gasoline car. In the following year Elwood Haynes 
of Kokomo, Indiana, and Henry Ford, of Detroit, Michigan, 
both built cars. All of these were very crude affairs. They 
were simply old-fashioned buggies fitted with gasoline mo- 
tors. Some of them even kept the whip-socket. A picture 
of Haynes’ first car, now in the Smithsonian Institution, at 
Washington, is shown in Fig. 83. Compare it with a 
modern Haynes car. They are no more alike than an 
ox-cart and the “Twentieth Century Limited.” Yet it 
was but a short time ago that this new vehicle was the 
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latest wonder of invention. The world has been traveling 
very rapidly in the last few years. What sort of cars do you 
suppose we shall have twenty-five years from now? 

Haynes made the first actual run with his car on July 
4, 1894. To avoid scaring horses, he drew it out into the 
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This is one of America’s first automobiles. It is now in the Smithsonian 
Institution at Washington. 


country and made his trial demonstration on a back road. 
His motor weighed one hundred and eighty pounds and de- 
veloped but one horse power. Just compare this with one 
of the latest Wright airplane engines, which gives one horse 
power for less than two pounds of weight. What speed do 
you suppose Haynes made? He thought it was fast, but 
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we should call it hardly a respectable funeral pace. He 
made six and one-half miles an hour and covered twenty- 
eight miles on a gallon of eight-cent gasoline. His mileage 
was all right, and his gasoline was cheap enough. But gaso- 
line was then a drug on the market. About the only use for 
it was for cleaning clothes. Just think of it! We are won- 
dering now what we are going to do when the supply of gaso- 
line gives out. 

The steam car, stili quite widely used, was one of the first 
cars to be built in America. The Stanley brothers, of New- 
ton, Massachusetts, made the first car of this type in 1897. 
For speed and ease of control, the steamer is superior to the 
gasoline car. 

A few figures. America’s first gasoline car was sold in 
1896. Twenty-six years later, in 1922, the output of pas- 
senger cars was two million, two hundred and eighty-seven 
thousand, valued at one billion, three hundred and seventy- 
four million four hundred and eighty-seven thousand dol- 
lars. In that same year there were built two hundred 
and forty thousand motor trucks, which were sold for one 
hundred and eighty-four million, eighty thousand dollars. 
On June 20, 1925, Henry Ford built his twelve-millionth car. 
Twenty years ago the capital invested in the automobile 
industry was twenty-three million dollars, It is now nearly 
two billion dollars and the number of workers engaged in 
the automobile industry would make a city of about a hun- 
dred and seventy-five thousand population. 

Thirty years ago, Henry Ford caught a vision of what 
the automobile would do for the world. He said, ‘Anything 
for only a few people is no good. It’s got to be good enough 
for everybody or it won’t survive.” He held the idea of 
“quantity production,” that is, building on a big scale. He 
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knew that was the only way to make the automobile cheap 
enough for everybody. As a result, the motor car is now one 
of the chief means of business and pleasure. The passenger 
mileage of the automobiles of the country is greater than that 
of all the steam and electric roads combined. To carry the 
same number of people the same number of miles would 
cost, at two cents a mile, a billion and a half dollars. Still 
the traffic on steam roads seems to be as great as ever 
before. The automobile has simply made a new kind of 
traffic. People ride now instead of staying at home or 
walking. 

The automobile carries the farmer to mill and to church. 
The tractor cultivates his fields, cuts his grass, and reaps 
and threshes his grain. The motor truck has brought the 
city markets to his very door. It has multiplied the man 
power engaged in the great industry of agriculture and 
thereby has helped to solve the problem of farm labor. 
With a farm tractor at $250, the United States could feed 
the world. 

In another quarter of a century, these inventions will still 
further revolutionize farm life and farm methods. Anything 
which does that will benefit us all, for the farmer is the most 
necessary member of society. Without him we should 
starve and our cities would disappear. 

In the World War, the gasoline motor, as used in airplane, 
submarine, motor truck, and military tractor, very largely 
furnished the motive power for the struggle. During the 
last year of the war, the United States supplied to the Allied 
armies one hundred thousand motor trucks, at a cost of 
four hundred million dollars. 

Possibly people are ne happier now than they were be- 
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fore the gasoline age came, but I am sure you will agree with 
me that none of us would like to go back to the days when 
the automobile horn and the snort of the motor were un: 
heard on our country highways and city streets. 


CHAPTER XXII 
BENEATH THE SEA 


I po not suppose you have ever thought of a fish as a 
submarine. Well, he is, indeed, a natural submarine, and 
a very skillful one, too. His fins serve for rudders, the swish 
of his tail gives him propelling power, while the control of 
his air-bladder enables him to sink and rise at will or stay 
at any depth he chooses. If all submarines were as harm- 
less as most fish, do you not think this world would be a 
better place in which to live? Our real submarines are 
more like the treacherous sharks that infest the sea. Their 
only purpose is destruction and death. 

Simon Lake, one of the inventors of the modern subma- 
rine, did not intend that his undersea boat should be used 
for hurtful purposes. As a lad, Lake had read Jules Verne’s 
“Twenty Thousand Leagues Under the Sea,” and the idea 
of exploring the sea bottom always fascinated him. He de- 
cided that when he became a man he would invent a boat 
which would enable him to discover the mysteries hidden 
beneath the sea. Windows in the side of his craft would 
allow him to see the beautiful coral, the queer-looking fish, 
and the wonderful sponges. Yes, he would have a specially 
constructed door which would let him out, clothed in a div- 
ing suit, to walk on the bottom of the sea and uncover new 
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sunken treasure-ships of the Spanish buccaneers. Surely, 
that was a fascinating picture. 

It is interesting to know that this boyhood dream came to 
pass. Lake did not accomplish all he had fancied he might, 
but he built the boat. 

The first undersea boats. Long before the time of Simon 
Lake, men had tried to build boats which would glide be- 
neath the sea, and some of them succeeded in doing this. 
I am going to tell you about two or three of these early at- 
tempts. 

The first man actually to build a submarine boat was a 
Dutchman, named Van Drebble. That was in 1620, the 
very year in which the Pilgrims landed at Plymouth Rock. 
He even interested King James of England in his plan and 
was granted money by him to carry it out. On one occa- 
sion he induced the king to take an underwater trip with him 
in the River Thames. 

In all, Van Drebble built three boats. They are described 
as “simply large wooden rowboats, decked over and made 
water-tight by a covering of thick, well-greased leather.” 
They were only curiosities and never accomplished anything 
of importance. There is no record, either, that Van Dreb- 
ble intended his craft for warfare. We shall have to give 
this inventive Dutchman credit on that point. 

The first real submarine was built by David Bushnell, an 
American, during the Revolutionary War. It was a very 
tiny affair. His purpose in making it was wholly one of de- 
struction. He wished to blow up a British warship lying in 
New York Harbor. This egg-shaped craft stood on end, car- 
ried a crew of one, and was propelled by man power. The 
propeller was operated by the feet just as a bicycle is. A 
heavy mass of lead fastened to the bottom kept the vessel 
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in an upright position. By detaching this the operator could, 
in case of an emergency, quickly bring himself to the sur- 
face. To submerge, he let water into the ballast tanks, 
just as a modern submarine does; and to rise he pumped it 
out. 

When all was ready, Bushnell sallied forth to attack the 
enemy. Silently he glided underneath the man-o-war Eagle 
and tried te attach a bomb, which would be exploded by a 
clockwork timing device, after he should have gotten away. 
In this attempt he failed for the bottom of the ship was 
sheathed in copper, and, try as hard as he might, he could 
not fasten his bomb to it. He was compelled to give up his 
plan and return to shore. 

The next man to try his hand at building a submarine was 
Robert Fulton, with whom we are already acquainted as the 
inventor of the steamboat. His purpose was both warlike 
and peaceful. He wished to outlaw war by making it too 
dangerous. But I am prouder of him as the father of suc- 
cessful steam navigation than I would be as the founder of 
modern submarine warfare. Are not you also? 

Fulton was living at the time in France, and he built a 
beautiful little model of polished mahogany which greatly 
interested Napoleon. The emperor was so pleased that he 
advanced the young American inventor ten thousand francs 
with which to build a real submarine. Fulton adopted the 
familiar cigar-shaped form of the undersea boat which we 
use today. He covered it with copper and operated it by 
man power. The Nautilus, as she was called, was twenty- 
one feet long and carried a crew of four men and enough 
compressed air to enable her to remain under water for five 
or six hours. However, Fulton’s submarine campaign 
against the British fleet was wholly unsuccessful and be- 
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cause of this Napoleon lost interest in the invention and 
would have no more to do with it. 

Then Fulton crossed the Channel to England, where he 
succeeded in interesting William Pitt, the prime minister, 
in his invention. Pitt arranged a public demonstration 
and assigned an old brig to be blown up. Fulton was 
successful, but the officers of the navy opposed this new 





Fic. 84. THE FIRST TORPEDOING 


This interested crowd has gathered to see the blowing up of an old brig 
by a torpedo attached to it by a submarine invented by Robert Fulton. 


kind of fighting boat, and he turned to the invention of the 
steamboat. 

During our Civil War the Southern Confederacy built 
some tiny undersea boats, called Davids in comparison 
with the giant ships of the Union navy. With one of them 
they made the first successful attempt to sink an enemy 
ship in time of war. One of these little boats rammed amid- 
ships the big Housatonic lying outside Charleston Harbor 
and the explosion of the torpedo and the ship’s powder 
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magazine quickly sent her to the bottom. The submarine 
and all of her crew went down, too. 

In the next quarter of a century Thorsten Nordenfeldt, a 
Swedish inventor, and Gustave Zede, a Frenchman, applied 
themselves to the construction of submarines; but the prob- 
lem remained unsolved until the two American inventors, 
Simon Lake and John Holland, took it up toward the close 
of the last century. 

Modern submarines. The success of the modern subma- 
rine was due largely to the coming of three other most timely 
inventions. These are the dynamo, the storage cell, and the 
gasoline motor. If you will stop to think a moment you 
will see, too, how important these inventions have been in 
many other ways. 

How did they solve the submarine problem? Well, they 
furnished the submarine with motive power. Up to that 
time there had been no means of propelling these undersea 
boats except by man power. Surely, submarines driven only 
by man power would have accomplished but little during the 
World War. Because of their frightfulness we can almost 
wish they had never gone beyond that stage, but they did, 
and you wish to know how it happened. 

Following his “boyhood ambitions,” Lake, in 1894, built 
a very small submarine, which he named Argonaut, Junior. 
It could descend to a depth of twenty feet, and with it he 
explored the ocean bottom, just as he had dreamed that he 
would. Then he built two larger boats, equipped with gaso- 
line motors, for running on the surface. They could settle 
to the ocean bottom in shallow water and remain submerged 
for forty-eight hours at a time. 

Lake did not succeed in recovering much lost treasure, 
as he had thought he would, so he turned to the construc- 
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tion of a real naval submarine. To submerge his craft, Lake 
admitted water to the ballast tanks, so as to make it just a 





© Brown Bros. 


Fic. 85. SIMON LAKE 


When a lad, Simon Lake dreamed of building a boat which would enable 
him to explore the sea bottom in shallow waters, and he brought his dream 
to pass. He was the inventor of one type of the modern submarine. 


little heavier than the volume of water displaced by the 
craft. 
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In other words, Lake applied the principle discovered 
many centuries before by that old Greek philosopher Archi- 
medes: a body which is lighter than the weight of its own 
volume of water will float, and one which is heavier will sink. 
No fish ever heard of Archimedes, but every fish employs 
the Principle of Archimedes. This is how the fish does it: 
When he wants to sink, he contracts his air-bladder and 
makes his body a little heavier than the same volume of 
water. Then, the buoyancy of the water is not quite great 
enough to support him and he sinks. When he wants to rise, 
he inflates his air-bladder and makes himself a trifle lighter 
than the water, and up he comes. He may also use his 
steering fins, just as an airplane does, to help him glide up 
or down. 

A submarine works in the same way. Most modern sub- 
marines admit water to their ballast tanks until their weight 
is almost the same as that of the same volume of water out- 
side. Then, by means of horizontal rudder planes, they may 
glide downward to any desired depth provided they do not 
go down so far that the pressure of the water on the out- 
side will crush the vessel. Of course ‘the motor must 
be running at the time. To rise, the rudder planes are in- 
clined in the opposite direction and the nose of the sub- 
marine is pointed slightly upward. 

In case of emergency, the water may be very quickly 
driven from the ballast tanks by admitting compressed air 
into them, and up the submarine will come like a piece of 
cork which has been thrust beneath the surface of water. 
The depth to which a submarine may go depends upon how 
strong its walls are. Water pressure increases about fifteen 
pounds per square inch for every thirty-four feet of depth. 
Submarines may go to a depth of three hundred feet, but 
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they seldom operate at a level lower than sixty or seventy 
feet. 

The power plant. You always think of a submarine as 
stealthily keeping itself out of sight beneath the surface of 
the sea, do you not? That is not the case, unless safety de- 
mands it. A submarine can travel so much more easily 
and economically upon the surface that she does not sub- 
merge except when the approach of an enemy compels her 
to do so. For surface travel a submarine carries a Diesel 
oil engine. This is an engine similar to a gasoline motor, 
except that it uses heavier oils, which do not vaporize and 
explode so readily, thus assuring greater safety. This en- 
gine also runs a dynamo for charging the huge batteries of 
storage cells. The Diesel engines cannot be used for under- 
sea travel. They require air to burn the fuel in their cyl- 
inders, just as your automobile motor does, and this can be 
provided in sufficient quantity only at the surface. Here is 
where the storage batteries come into use. ‘They supply 
current for electric motors, which drive the propellers when 
beneath the sea. When the storage batteries have run down, 
the submarine must rise to the surface and recharge them, 
just as automobile batteries are recharged. If the enemy 
is near, she must remain submerged until the sea is free 
from danger. 

The eye of a submarine. But how can a submarine be- 
neath the surface of the sea tell when it is safe to rise? Well, 
you have all heard of the submarine’s periscope. You 
know how it projects through the conning tower and may 
be raised or lowered at will. No doubt, too, you have used 
a small mirror to catch a beam of light and throw it about a 
room. Possibly you have amused yourself in this way at 
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Fic. 86. JOHN P. HOLLAND 
This inventor of the modern submarine did not live to see the use to 
which his invention was put in the World War. 
home, by throwing spots of light upon the walls, to the 
annoyance of your family. 
Well, in just the same way a mirror or prism at the top 
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of the periscope tube catches the rays of light reflected from 
a ship or any other object on the surface of the sea and 
throws them down the tube where they are reflected again 
into an eyepiece, which is really a small telescope. By 
swinging the tube about, the observer may sweep the whole 
horizon and see what lies in any direction. In clear weather, 
an image of the object being viewed may be thrown on a 
ground-glass screen and examined without the eyepiece. 

This is the wonderful eye of the submarine. Without it 
these undersea craft when submerged would be as blind as 
a bat. 

John P. Holland. The man who did most to perfect the 
modern submarine was John P. Holland, an Irish-American 
who came to this country in the early seventies. He, too, 
had read Jules Verne and had learned about Ericsson’s iron- 
clad Monitor, built for our navy during the Civil War. 

Beginning in 1875 with the Holland No. 1, built at Pat- 
erson, New Jersey, Holland persevered against great ob- 
stacles until in t900 he had demonstrated to our own and 
other governments the possibilities of the submarine in time 
of war. He organized a company to build submarines for 
naval use and, from the results of his enterprise, became 
wealthy. 

Unlike most of the inventions about which you have 
heard, the submarine has not made this old earth a better 
or happier place in which to live. Still, I knew that you 
wanted to understand something about it, so I have related 
to you these few facts concerning it. 


CHAPTER XXIII 
FLIVVERS AND LIMOUSINES OF THE AIR 


BEFORE me lies a picture from the New York Tribune 
showing the opening of a great National Convention held 
at Cleveland, Ohio, on June 10, 1924. The photograph 
from which the picture was made was carried by airplane 
to New York City that same afternoon and reproduced for 
the earliest editions of the morning papers. The other 
morning I looked from my window and saw the silver form 
of the giant Shenandoah, floating like a majestic bird 
in perfect mastery of the airy sea. American airplanes 
have now encircled the globe. Even as I write, Amundsen 
is flying to the North Pole. One writer says, “A few more 
years and the boy or girl who has never made a journey by 
air will be in the position of the one today who has never 
ridden on a train.” 

What would those visionary souls of the past think, if 
they could see the present fulfillment of their fondest 
dreams? For, to soar like the birds of the air has been the 
dream of the ages. Men for centuries have longed really 
to conquer the fields of the air and to know the peril and 
joy of actual flight. As the poet has sung, 


“What a joy it must be to sail, upborne 
By a strong, free wing, through the rosy morn! 
To meet the young sun face to face, 


And pierce like a shaft the boundless space; 
326 
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To pass through the bowers of the silver cloud; 
To sing in the thunder-halls aloud; 

To spread out the wings for a wild, free flight 
With the upper cloud-winds—oh, what delight!” 


How small this old earth is growing! With telegraph 
and cable, locomotive and ocean-liner, telephone and radio, 
and now the flivvers and limousines of the air, it has be- 
come but a mere pigmy of the universe. 

Scarcely a day goes by that I do not hear the whirr of 
motors, and, looking aloft, see some birdman doing the 
very thing which but a few years ago was thought to be 
an utter impossibility. All the wonderful feats of flying 
have been accomplished since the beginning of the present 
century. I want to tell you today the story of how it all 
came about. 

Early discoveries. Probably from the earliest times men 
have wished they might fly like the birds. For many cen- 
turies it remained only a wish. It seemed perfectly im- 
possible that men should ever be able to lift themselves into 
the air like the birds. But sometimes dreams come true, and 
so did this one. Not long before Columbus discovered 
America, Leonardo da Vinci, a wonderful artist and many- 
sided genius of the Italian Renaissance, actually studied the 
problem of flight and worked out some of its laws. 

You know, do you not, that before actual flying came we 
had balloons? You will remember that in 1766 Sir Henry 
Cavendish, that queer old scientist of the time of Priestley 
and Lavoisier, discovered hydrogen and how to make it. 
Hydrogen weighs only about one-fourteenth as much as an 
equal volume of air. Even before this was known, two 
French brothers, named Montgolfier, filled huge gas bags, or 
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balloons, with hot air produced by building a fire underneath 
them. One of these early balloons, carrying a load of three 
hundred pounds, rose six thousand feet above the heads of 
an enthusiastic crowd in Paris, and was carried by the wind 
a mile and a half into the country. Shortly after, hydrogen 
was substituted for hot air and the days of real ballooning 
began. The French people went balloon mad. 

In a few years many people had made flights. One 
Frenchman, Rosier, lost his life in attempting to cross the 
Channel to England. Napoleon used balloons for scouting 
in the French Revolution, and they were employed in the 
wars of the last century. In the World War many huge 
kite-balloons, held to the earth by long ropes, floated in the 
rears of the Allied and the German armies. Looking 
through powerful field glasses, army officers in these balloons 
were able to see behind the enemy lines. 

The airship. For many years after the coming of the bal- 
loon, few people really believed that a heavier-than-air 
machine would ever be able to lift itself into the air. Many 
people, however, did believe in the possibility of an airship 
which might be propelled by an engine and steered in any 
direction. The balloon is entirely at the mercy of the wind. 
The occupant of the hanging basket can cause it only to 
rise higher or descend to the earth. Of course you know 
that a balloon rises for the same reason that a piece of 
ordinary wood thrust beneath the surface of water will rise 
and float. The wood is lighter than the water, and so is the 
hydrogen-filled balloon lighter than an equal volume of the 
surrounding air. 

The principle discovered by Archimedes so many cen- 
turies ago applies to ships of the air as well as to those of 
the sea. The balloon rises until its weight is the same us 
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that of the displaced air. To rise higher, “ballast,” usually 
sand, is dropped. This makes the balloon lighter. To de- 
scend, hydrogen is allowed to escape from the gas bag. 
This causes the bag to become smaller and to displace less 
air. 

In 1852, Henri Giffard, of Paris, built a huge airship. It 
was very much like those of today. It was one hundred 
and fifty feet long, forty feet in diameter, and contained 
ninety thousand cubic feet of coal gas. Using a steam 
engine and a screw propeller, he made one successful flight 
and then abandoned any further attempt at flying. 

I am sure you have read of Santos-Dumont, the young 
Brazilian who in 1898 went to Paris with a pocket full of 
money and a heart full of enthusiasm, to devote himself to 
flying. Using the newly invented gasoline motor, he built 
one after another, six light, miniature airships, in which he 
astonished the excitable French public with amazing feats. 
In a spectacular flight on October 29th, 1900, he won the 
French prize, of one hundred thousand francs, by success- 
fully rounding the Eiffel Tower and returning to his starting- 
point in twenty-nine minutes and thirty seconds. 

A few years later, Count Zeppelin, of Germany, began 
building huge air-liners, of which our Los Angeles is one of 
the latest examples. This mighty ruler of the air is six hun- 
dred and fifty-six feet long and ninety-one feet in diameter. 
She weighs forty-six tons and can carry seventeen tons of 
gasoline. Her five 12-cylinder engines are capable of driv- 
ing her through the air with a total of two thousand horse- 
power. 

One great advantage which the Los Angeles has over 
the airships of other countries is in the use of the rare 
gas helium instead of hydrogen for inflating her gas bags. 
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Helium is nearly as light as hydrogen, and it will not burn or 
explode. Many frightful accidents have occurred from the 
explosion of hydrogen-filled gas bags in mid-air. The 
natural gas wells of the Southwest give the United States 
large supplies of helium, but nowhere else in the world is it 
found in quantity. 

The Los Angeles can carry sufficient fuel and other sup- 
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Fic. 87. THE “SHENANDOAH” 


This airship, which was destroyed in a gale September 3, 1025, is here 
seen riding at her mooring mast near Lakehurst, N. J. 


plies for a voyage of more than three thousand miles and 
back. Starting from some far northern base, it is hoped that 
this mighty conqueror of the air will reveal age-long secrets 
of the uncharted Polar seas. That is a better purpose for an 
airship than to make war. 

Flying like the birds. Birds, a thousand times heavier 
than the air they displace, could fly with perfect ease. Why 
not man? Many continued to dream of imitating them. 
Large soaring birds glide for long periods on the high upper 
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layers of the air without the quiver of a muscle. How do 
they do it? That was the question. Here were natural air- 
planes. What was the secret of their perfect mastery of the 
airy sea? Many men were at work on the problem and little 
by little they were learning the ways of the air. 

Every boy knows that the wind will carry his kite aloft 
and that if there is none he can still lift his kite into the air 
by running like the wind himself. With a boy and a string 
for a motor, the kite makes a small monoplane. This was 
really the first man-made airplane. Although heavier than 
the air, it remained aloft as easily as the birds. The pressure 
of the moving air on its under surface made an upward 
force which lifted it skyward. 

Sir George Cayley, more than a century ago, learned the 
“why” and “how” of modern airplane flight. A few dec- 
ades later his countrymen, Stringfellow and Wenham, made 
more or less successful model airplanes. Toward the close 
of the last century Sir Hiram Maxim built a machine weigh- 
ing four tons and actually lifted it from the ground with a 
three hundred and sixty horse power steam engine, but it 
was wrecked in its first flight. Men were learning, but still 
the time when one might fly like the birds seemed a long way 
off. 

As a lad, Samuel P. Langley had studied the flight of 
birds for hours at a time. He noticed that the wings of 
hawks and gulls remained entirely motionless except as they 
were turned to catch some new current of air. Years after, 
when he had become Secretary of the Smithsonian Institu- 
tion in Washington, he said, ‘““Nature has solved the puzzle 
of flight; why not man?” 

As he studied the problem more, Langley became con- 
vinced that the supposed laws of flight were all wrong. He 
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built a machine to test these laws and discovered that the 
faster a body travels through the air the less is the energy 
needed to keep it from falling. He built a beautiful little 
model airplane sixteen feet long, with wings twelve feet from 
tip to tip, and carrying a steam engine weighing only twenty- 
six ounces and developing one and a half horse power. As 
gracefully as a bird it rose from the ground and flew three- 
quarters of a mile against a strong wind. With an appro- 
priation from Congress, Langley built a real flying machine, 
but it was wrecked in being launched on its trial flight. Still 
Langley was a pioneer, and he accomplished much. . 

In Germany a young man, named Otto Lilienthal, became 
wonderfully expert in the use of gliders. He, too, had 
watched the birds. One thing he discovered was of great 
importance. He noticed that a soaring bird having once 
alighted must run along the ground before it can lift itself 
into the air. He imitated the birds. With a man-carrying 
glider having a wing area of fourteen square yards, he 
practiced running down a gently sloping hill against the 
wind, and then, leaving the ground, he would glide easily 
toward the foot. Once he glided a distance of twelve 
hundred feet. In 1896, Lilienthal lost his life in one of 
these glides. Even in his death, he aided the cause of 
flight, for it was the news of this event which determined the 
Wright brothers of Dayton, Ohio, to learn to fly. 

The first two masters of flight. Wilbur and Orville 
Wright had been interested in flying machines from early 
childhood. One evening their father, Bishop Milton Wright, 
had brought home to them a small helicopter flying ma- 
chine. The boys called it a “bat,” and when its short life 
had ended they set out to make more “bats.” Then they 
turned to kites and became expert in building and flying 
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them. You like to fly kites. All boys, and even some girls, 
do. The Wright boys flew kites for a more serious purpose 
than sport. They were learning the ways of the air. It 
was their ambition to gain the “wings of the wind.” 
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Fic. 88. WRIGHT GLIDER 
Learning the ways of the air at Kitty Hawk, North Carolina. 


After a time they became bicycle mechanics and started 
a shop which prospered. Very soon they began to build 
gliders. Every spare moment was spent in studying the 
laws of flight. They became convinced that Lilienthal had 
lost his life from being unable to keep his balance. He 
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could not shift his weight quickly enough to meet the chang- 
ing currents of air. If they could learn the secret of 
balancing, they knew that they could fly. Gradually they 
learned a great deal. 





Courtesy Orville Wright 
Fic. 89. WRIGHT GLIDER 
An upper view of a Wright glider in flight. 


“We will keep to gliders,” the Wrights declared. “It’s 
foolish to trust delicate machinery to wings that we have 
not learned to use.” Applying to the Weather Bureau, they 
learned that at Kitty Hawk, North Carolina, the winds were 
the strongest and steadiest of any place in the United States. 
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There each autumn they went to try their gliders. During 
the first autumn, that of 1900, there were no favorable 
winds. “All we gained by the test was an increased longing 
for further experiment,” they said of that attempt. 

They waited a year, experimenting in the meantime 
with their gliders. Then they returned to Kitty Hawk. 
In that autumn and the next, these students of flight 
made nearly a thousand glides. (Figs. 88 and 89.) Some 
of them were for distances of more than six hundred feet. 
In one instance they remained in the air for over a minute. 

At last they had learned the art of balancing. This was 
the one great discovery of the Wrights. They had devised 
a mechanism for warping the wings of the glider. If a 
change in the wind suddenly caused one wing of the glider 
to tip toward the earth, the movement of a lever warped the 
wing on that side down and the wing on the other side 
up. This put more upward pressure on the side that tipped 
down and less on the side that tipped up. In this way the 
glider righted itself instantly, and the release of the lever 
left it on an even keel. 

The Wrights said nothing of their experiments. No one 
knew what they were doing. Patiently and quietly they 
worked, content to learn and wait. 

The first successful flight. Finally, in the autumn of 
1903, the Wrights decided that it was time to try an actual 
flying machine. During the previous winter, in their shop 
at Dayton, they had built a gasoline engine of twelve horse 
power. Their glider, equipped with the engine and carrying 
only the pilot, weighed seven hundred and forty-five pounds. 
Going with it to Kitty Hawk, they made on December 17, 
1903, the first successful flight with a heavier-than-air, man- 
carrying machine. It was a great triumph. In all they 
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made at that time four flights. In the last they covered a 
distance of eight hundred and fifty feet and were in the air 
for fifty-nine seconds. As they packed up to return to 
Dayton, Wilbur Wright said, “The age of the flying machine 
has come at last.” Indeed it had. 

Returning to Dayton, these masters of flight quietly built 
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Fic. 909. CURTISS ARMY PLANE 


This is the kind of plane used by Lieutenant Russell Maughan in his 
“Coast to Coast, Dawn to Dark Flight.” His speed at times exceeded 180 
miles an hour. 


two new machines and continued to experiment. They did 
not tell the world what they had accomplished. Neither did 
they try to keep it secret. In the next two years, they 
made one hundred and sixty flights averaging a mile each. 
In the last they covered a distance of twenty-four miles in 
thirty-eight minutes. 

September 12, 1908. On September 12, 1908, came the 
first real triumph of the present age of flight. Early on the 
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morning of that day, Orville Wright, at Fort Meyer, Vir- 
ginia, in the presence of a little group of spectators, brought 
out his machine and mounted into the air. No one expected 
more than a short flight, not even Wright himself. But 
rising higher and higher, he circled the field, once, twice, 
then many times. The onlookers watched him, rigid as 
statues, fearing to move, lest he should come down. One of 
the observers said, “It seemed an age since the machine 
started, and it appeared to be fixed in the sky. We were 
impressed that it could circle on forever, or sail like a bird 
over the country.” For an hour and fifteen minutes Wright 
remained in the air, and then alighted as gracefully as a 
bird. 

While Wright was still in the air, news of the wonderful 
event was telephoned to Washington. Reporters flashed it 
throughout the country. It was cabled abroad, and before 
night the whole world was talking of this latest triumph of 
science and invention. A little later at the request of the 
Government, this challenger of the birds gave another 
demonstration before thousands of enthusiastic onlookers. 
At the same time Wilbur Wright, in Paris, was delighting 
the French public with spectacular flights, in one of which 
he remained in the air for two hours, twenty minutes, and 
twenty-three seconds. 

No longer was there any doubt as to who had conquered 
the air. With one accord the Wrights were declared 
the victors. They were decorated by the rulers of Europe 
and awarded medals by scientific societies, clubs, uni- 
versities, state legislatures, and by Congress. In the fol- 
lowing autumn, Orville Wright won a twenty-five thousand 
dollar prize by meeting the United States Government en- 
durance test. In October of that year Wilbur Wright at the 
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Hudson-Fulton Centenary Celebration made a wonderful 
flight from Governor’s Island up the Hudson and back to 
his starting point. 

Henry Farman, Hubert Latham, and Louis Bleriot 
abroad, and Glen Curtiss in this country, also deserve 
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Fic. 91. AIRPLANE MOTOR 


This eight-cylinder engine generates two hundred horsepower, or one 
horsepower for each two and three-eighths pounds of weight. 


recognition for their early work in gaining a mastery of the 
air. 

How an airplane flies. You know that an airplane is 
mounted on wheels on which it may run along the ground. 
In front is a two-blade screw propeller like that of a motor 
boat. This propeller when turned rapidly by the motor 
draws the airplane through the air, Behind this are the 
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motor and the pilot’s seat. At the rear are horizontal and 
vertical rudder planes for steering the airplane to the right 
or left or up or down. Of course, toward the front and 
crosswise of the machine are the two big lifting wings. 

In starting, the wings are tipped so as to catch the air. 
At first, just like a bird, the airplane runs along the ground 
until the air pressure on its wings is great enough to lift it. 
Then it begins to rise, and, as the pressure becomes greater, 
it rises higher and higher. To remain on an even keel, the 
planes are tilted at just the right angle to make the upward 
pressure on the wings equal to the weight of the machine. 
When the pilot wishes to descend, he slows his motor or 
tilts the wings so as to make the air pressure less than that 
of the weight of the airplane. In steering, he uses his rudder 
planes just as a submarine does. Now that we have learned 
how it is done, flying is almost as simple for men as it is 
for birds. 

Uses of the airplane. You know of the uses of the air- 
plane in the World War. The scouting airplanes were the 
eyes of the army. Light and swift, climbing rapidly to 
great heights, and equipped with wireless apparatus and 
special airplane cameras, these meteors of the air provided 
the information necessary for the movements of the great. 
armies. The huge bombing planes, the dreadnaughts of 
the air, moving in large fleets and convoyed by light scouting 
planes, were able to do great damage to the enemy. 

We hope there will be no more wars. It is in times of 
peace that the airplane should have its greatest use. Even 
now we use it for carrying mail along well established 
routes. Today you may send a letter by air mail from New 
York to San Francisco and some intermediate points. In 
future it will be used more and more for transportation of 
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passengers and express matter. Already the world has been 
encircled by airplane flight. 

What the future may hold, no one can say. I am per- 
fectly certain that you, my young friends, will live to see 
the airplane, and possibly the airship, as regular carriers 
of traffic as railway trains and ocean-liners. Shall we not 
call them the flivvers and limousines of the air? 


CHAPTER XXIV 
THROUGH THE ETHER 


ONE evening nearly two years ago I spoke at the WJZ 
radio broadcasting station, in Newark, New Jersey, during 
the “Children’s Hour.” Possibly some of you listened to 
me. It seemed much out of the ordinary to sit there alone 
in a small room speaking into a common transmitter, 
and to know that the ether waves were carrying the sound 
of my voice to probably a half million youngsters and 
grown-ups. In a few days I received a letter from a man far 
up in Canada telling me how distinctly my voice had carried, 
He said he had even been able to hear my breathing. A pro- 
fessor in Smith College, at Northampton, Mass., wrote to me 
that he happened to be listening and had heard every word 
with perfect clearness. A friend in New York said he did 
not know I was to speak and did not hear me introduced, 
but instantly recognized my voice. 

Last October a number of boys from my classes were in- 
vited to read during the evening hour at WJZ from books, 
including my own. It was an interesting experience for 
them, and I have no doubt that at least some of you were 
“listening in.” This talking and listening through the ether 
has come to be one of the most important and fascinating 
pursuits of this wonderful age. Scores of you, my young 
friends, have radio sets. Some of them were made at little 
expense and with your own hands. You have had great fun 
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and learned much with these sets. Let us today hear more 
concerning this story of the ether waves. 

An Italian lad’s dream. The radio triumphs of today and 
yesterday are the results of a great scientist’s discovery and 
an Italian lad’s dream. One day in 1886, Heinrich Hertz, 
a young professor of physics at Carlsruhe, Germany, dis- 
covered by accident that he could send and receive wireless 
waves. He was experimenting with an induction coil. That 
is a machine for producing long electric sparks which look 
like lightning. Sometimes I get my pupils to take hold of 
hands and let me send the discharge from an induction coil 
through them. It is great fun. 

On this particular day, Hertz discovered that every time 
he drew a spark from the induction coil another tiny spark 
also appeared between the ends of a stout copper wire which 
had been bent into the form of a circle with a short gap be- 
tween the ends. Over and over he repeated the experiment 
and always with the same result. He also soon discovered 
that the spark was brightest when the gap was of a certain 
width. In other words, he had taken the first lesson in 
tuning. To Hertz, what had happened was perfectly clear. 
He knew that the spark from the induction coil had sent out 
ether waves which striking upon the copper wire produced 
between its ends a difference of electrical pressure, or 
voltage, strong enough to make another spark. Every young 
radio enthusiast now knows what ether waves are. 

Hertz proved by some simple experiments that these wire- 
less waves were no different from light and heat waves 
except in length. In comparison they are extremely long, 
but they travel with the same velocity of one hundred and 
eighty-six thousand miles a second. Hertz published the 
results of his experiments, and soon the leading scientists 
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of the world were at work trying to make new discoveries. 
Yet for some reason these men in their well-equipped 
laboratories did not discover that these waves could be used 





Courtesy Radio Corporation of America. 


Fic. 92. GUGLIELMO MARCONI 


Because an Italian lad dreamed of being able to communicate with only 
the boundless ether to carry his messages, radio has become the servant 
and the pastime of man. 


in wireless telegraphy. But there was a lad at Bologna, 
Italy, who had become greatly interested in these “Hertzian 
waves,” as they were called. Although only twelve years 
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of age, he was a student at the university of his native city. 
He had seen his Italian master, Professor Righi, repeat the 
experiments of Hertz. To this gifted boy it was very clear 
that at length the key had been found to unlock the secret 
of the wireless transmission of messages. Patiently, he 
waited for the learned scientists to make the invention. 
Eight years passed and no announcement had been made. 
Then, weary of further waiting, he began to experiment for 
himself. I do not need to tell you that this lad was Gug- 
lielmo Marconi, and how well his dream came true all the 
world has known for many years. 

Signals without wires. Marconi began his experiments 
on his father’s estate. He had hardly started when he dis- 
covered the need of an aerial and a ground. No boy or 
girl needs to be told what is meant by these names. Con- 
necting one pole of his induction coil with a plate buried in 
the ground, he ran a wire from the other pole into the air. 
Using a similar aerial and ground for his crude receiving 
device, in a short time he was sending the signals of the 
Morse code across a distance of a few hundred feet. All the 
while he kept improving his apparatus, and you can imagine 
the eagerness with which he began each day’s experiments. 

One important discovery besides that of Hertz had been 
made before Marconi began to experiment. That was the 
principle of the “coherer,” the original wireless detector. 
Professor E,. Branly, of Paris, had found that, when wireless 
waves strike upon metal filings loosely held in a glass tube, 
the filings become a conductor. The loose filings have too 
much resistance for the passage of an electric current, but 
the ether waves pack them together, or cause them to cohere. 
This makes the filings a conductor for an ordinary battery 
current. 
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Adopting this device, Marconi placed it, together with an 
ordinary Morse sounder and a battery, in his receiving 
circuit. When a train of ether waves came down his aerial, 
the circuit was completed through the detector and the 
signal was given. Marconi then had another difficulty. He 
must devise something to shake the metal filings loose again 
after each signal, or the armature, the arm which makes the 
click, of the sounder would continue to be held down. To 
do that, he invented the ‘“decoherer,” a buzzer-like tapping 
device, which gave a tap on the tube after the passage of 
each set of waves. 

Marconi’s progress then became rapid. He soon dis- 
covered that the higher his aerial, the greater was the dis- 
tance to which he could send. Month by month he con- 
tinued to improve his apparatus, until in 1896, after only 
two years of experimenting, he was sending signals over a 
distance of several miles. 

Marconi goes to England. Marconi then decided it was 
time to introduce his invention to the great world. He was 
only twenty-two. Yet, working with only the apparatus he 
himself could devise, he had made great discoveries and had 
ready a practical wireless telegraph. Unlike many inven- 
tors, Marconi had not been forced to work in poverty. His 
father was a man of wealth and his home estate had given 
him a place to experiment. In a short time, too, his own 
inventions were to make him a man of wealth in his own 
right. 

In England, Marconi was given a cordial welcome. The 
day had passed when an inventor was looked upon as an 
enemy. This new idea of wireless telegraphy, too, was such 
a wonderful thing. It appealed to everyone. If what this 
young man said were true, what dreams might come to 
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pass! Government officials could see many uses for the 
ether waves. Sir William Preece, superintendent of the 
Postal Telegraph of England, gave Marconi every assistance 
in his power. In a few days Marconi was sending messages 
over a distance of two miles. This young Italian was mak- 
ing good his promises. That is one thing Marconi has 
always done. He has accomplished what he has said he 
would, and he has never deceived the public. 

A year later Marconi wirelessed messages from the Isle 
of Wight to the mainland. All things seemed to help this 
young inventor. As though the fairies were working in his 
favor, his own government loaned him a warship for com- 
munication from ship to shore. In 1898, he won a triumph 
by reporting an account of the annual Kingstown regatta to 
a Dublin paper by wireless. This was the first newspaper 
report ever sent by wireless. In a few months, he had estab- 
lished wireless communication between England and France. 
The Channel and coastwise ships were equipped with wire- 
less apparatus, and in a short time a ship in distress on a 
rocky portion of the North Sea coast signaled for aid and 
was rescued. By t1g00 the ether was carrying Marconi’s 
messages over the greater part of Europe. 

Across the Atlantic. Marconi, however, dreamed of a 
still greater accomplishment. Early in December, rgor, he 
crossed the Atlantic to Newfoundland. He had left behind 
him, at the famous Poldhu Station in England, a powerful 
sending outfit. From the foot of Cabot Tower on Signal 
Hill on the island of Newfoundland, he had managed te 
send up a kite aerial four hundred feet and hold it. The 
receiving wire ran to an upper room in an old barracks. 
Sitting there, on December 12, with the receivers at his ears, 
Marconi listened. For a short time he waited, wondering 
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if the test would fail. Then suddenly came the three dots 
of the letter S. Again it came. Marconi handed the re- 
ceivers to his assistant. Over and over the signal came. 
There could be no mistaking it. The ether waves had 
crossed the Atlantic, and transoceanic wireless was an ac- 
complished fact. 

Still, would the world believe him? No reporters had 
been present. He had no proof of these signals. He could 
give only his word. For two days, Marconi hesitated. Then 
he cabled the news to England. No longer was there any 
doubt. The unbounded enthusiasm of the public gave him 
answer enough. He had never deceived the people, and they 
knew he was telling the truth. 

It was not long before passengers on shipboard received 
messages until they were two thousand miles at sea, and, in 
a short time, until they were across. The rescue of the 
Republic in 1908 and the assistance given the survivors of 
the ill-fated Titanic four years later showed the priceless 
value of wireless apparatus on ships at sea. Have you ever 
noticed an account in the newspaper of a ship that was 
rescued because it was equipped with wireless? 

Many predicted that the ether would soon be choked with 
wireless messages and only a meaningless jumble of signals 
would be received. Marconi overcame that difficulty with 
the principle of tuning to a particular wave length. You 
know all about tuning. With the hundreds of messages 
which pass through the ether every twenty-four hours, we 
now smile at these predictions of calamity. 

Carrying the voice across the continent by radio. The 
dream of the Italian lad had been wonderfully fulfilled, and 
he was still to continue his wireless inventions. He is work- 
ing yet. But a group of engineers in the laboratories of 
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the American Telephone and Telegraph Company took up 
the problem of radio-telephony and made as great a success 
of it as Marconi had done with the wireless telegraph. 

On September 29, 1915, Theodore N. Vail, president at 
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Fic. 93. RADIO BROADCASTING 


Here we catch a glimpse of a broadcasting station. The small disc at 
the top of the upright support catches the sound waves and transmits 
them through a complicated electrical apparatus to the aerial and from 
there to the ether from which you yourself may pick them up with your 
receiving set. 


that time of the American Telephone and Telegraph Com- 
pany, sitting at his desk at 195 Broadway, New York, 
spoke into an ordinary telephone transmitter over the regu- 
lar telephone wires to Arlington, Virginia, where his voice 
was amplified, or strengthened, by a number of the magic 
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vacuum tube bulbs and transmitted from the great aerial 
antenne of the United States Naval Station. Radiating in 
all directions with the velocity of light, the ether waves car- 
ried his voice, as on wings of the morning light, to Col. John 
J. Carty at Mare Island, California. These two parties to 
this historic conversation spoke with each other as easily 
as though they had been in adjoining rooms. It seems com- 
monplace today, but it was a marvelous triumph then. It 
had represented months of patient labor, the perfect team- 
work of many engineers, and an expenditure of many thou- 
sands of dollars. 

On the following day, New York talked with Honolulu, 
five thousand miles distant. In a short time Arlington was 
talking across the Atlantic with the Eiffel Tower in Paris. 
Never before had the progress of invention moved forward 
so rapidly. It strode along as a giant in seven league boots. 

In less than a year from this notable event, Secretary of 
the Navy Daniels with magic ease and speed conversed from 
Washington with every naval station from ocean to ocean 
and from the Gulf to the Lakes; and all by radio. 

Again, in the spring of 1921, Colonel Carty opened tele- 
phone communication by cable, wire, and radio from 
Havana, Cuba, to Santa Catalina Island, off the coast of 
California, a distance of five thousand, five hundred miles. 

Radio inventions. The radio apparatus of today is not 
much like that which Marconi first used. I have given you 
in this chapter three simple diagrams to show some of the 
principal changes. Boys and girls of today know so much 
about detectors, inductances, condensers, A batteries, B 
batteries, and vacuum bulbs that I hardly need to explain 
the use of these pieces of apparatus. 

In the first diagram (Fig. 94) we see a very simple send- 
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ing set. In it the alternating current transformer takes the 
place of Marconi’s induction coil for producing the spark. 
The transformer charges the condenser C and produces 
what we call an oscillating spark at S. By oscillating we 
mean that the spark surges back and forth. This spark dis- 
charge charges the aerial and causes it to send forth ether 
waves of a certain length. 


aaa 


S) 
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— 
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Fic. 94. A WIRELESS SENDING SET 


At the left are two coils of wire wound on a soft iron core. We call 
this the transformer. The two loose ends are connected to the source of 
current and the key. At C is a condenser and at S a spark gap. The two 
coils of wire at the right are for transferring the electric energy of the 
sending circuit to the aerial, from which the wireless waves set up will 
travel to the receiving station. When the key is pressed, a spark occurs 
e S ae currents are generated in the aerial, which produce the waves in 
the ether. 


In the second diagram (Fig. 95) we have a simple receiv- 
ing set. In place of Marconi’s coherer and decoherer is a 
crystal detector at D. As you know, certain crystals, such 
as galena, carborundum, and silicon, allow electric currents 
to flow through them in but one direction. At C is a vari- 
able condenser and at C,, a fixed condenser across which 
the head phones are connected, The two coils are the in- 


THROUGH THE ETHER 351 


ductances of the tuner. When the tuning coil and variable 
condenser are adjusted to the length of the incoming waves, 
currents will be set up, or induced as we say, in the receiv- 
ing circuit. The crystal detector permits a pulsating, one- 
way current to flow in the receiving circuit. This charges 
the fixed condenser, which immediately discharges through 


C 
D 


Fic. 95. A WIRELESS RECEIVING SET 


The coils of wire at the left receive the electrical currents set up in the 
aerial by the ether waves and transfer them to the receiving circuit. At D 
is a crystal detector, which allows currents to pass in but one direction. 
These currents charge the condenser C, which then discharges through the 
head phones giving the signal. 


the head phones giving a distinct sound. This action con- 
tinues as long as the waves come. The signals may be those 
of the Morse code or the spoken words of the human voice. 

In the third diagram (Fig. 96) we have a simple receiving 
set, similar to that which many of you use. We have the A 
battery, the B battery, and in place of the crystal detector 
the wonderful vacuum tube amplifier. 
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Let us examine first the vacuum tube. As you know, it 
contains a filament, a grid, and a plate. The filament is 
lighted by the A battery and regulated by the small variable 
resistance, called a rheostat, which is shown in circuit with 
the filament and the battery. The B battery, which is of a 
higher voltage than the A battery, puts a positive charge on 


In this set the vacuum tube takes the place of the crystal detector. 
The filament F is kept hot by the A battery. The plate P is kept posi- 
tively charged by the B battery. The grid G is made first positive and 
then negative by the incoming currents from the aerial. When the grid 
is positive, it interrupts the flow of electrons from the filament to the 
plate. This interrupted current causes the receiving condenser at the right 
to become charged and then to discharge through the head phones repro- 
ducing the voice or the music. By moving the contact points along the 
inductance coils at the left and by changing the adjustment of the con- 
denser at C, the set may be tuned to receive waves of different lengths. 





Fic. 96. A VACUUM TUBE RECEIVING SET 


the plate. Now, a hot electric filament constantly gives 
off millions of tiny electrons. You will remember from the 
chapter on the X-ray and radioactivity that the electrons are 
small particles of negative electricity. Ordinarily they can- 
not get very far from the hot filament. Myriads of them 
are constantly leaving it and constantly being drawn back 
to it. But, when we have a positively charged plate in the 
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bulb, a continuous stream of electrons passes to the plate 
and completes the circuit of the B battery. 

The key to the detection of radio currents is the grid. 
You can see that the grid does not interfere with the flow of 
electrons unless it is charged negatively. A positive charge 
on the grid will attract electrons and a negative charge will 
repel them, for you know that unlike kinds of electricity 
attract each other and like kinds repel. 

The incoming waves charge the condenser and act on the 
grid just as they did on the crystal detector. When it is 
negative, the grid stops the flow of electrons from the fila- 
ment to the plate. When it is positive, it permits them to 
flow. So, you see, the vacuum tube gives a one-way pulsa- 
ting current just as the crystal did. This causes the receiv- 
ing condenser to become charged and then to discharge 
through the head phones giving the audible signals. 

But why do we use the vacuum tube amplifier instead of 
the crystal? Because, just as the name indicates, it ampli- 
fies, or strengthens, many times the incoming signals. The 
currents induced, or set up, in the antenne and grid circuit 
are often very feeble. With a crystal detector, the signals 
are frequently weak. But with the vacuum tube all these 
feeble currents need to do is to control the very much 
stronger currents of the larger battery circuit. Sometimes a 
vacuum tube is called a “valve,” and that word describes its 
purpose very well. It is like a faucet which turns on and 
off a high-pressure supply of water. . 

Many of you knew all this, but those who did not will 
see that the explanation of radio signals is not very difficult 
to understand. 

You should know that Dr. Lee De Forest, an eminent 
American inventor, made the first vacuum bulb with a grid, 
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and that the engineers of the American Telephone and Tele- 
graph Company and those of the General Electric Company 
have made it the wonderfully sensitive instrument which we 
have today. 

Uses of radio. I do not need to tell you boys and girls of 
many of the uses and advantages of radio. You know of 
them. Many of you with your radios have listened to the 
President’s message to Congress, and to the Republican 
and Democratic National Conventions when in session. You 
have heard the voices of great orators and singers. You 
know that the voice of a speaker or the music of an orchestra 
may be carried half way across the continent by regular wire 
telephony and then broadcasted from an aerial sending sta- 
tion. For communication at sea, radio is as important as 
ever. In the Great War it was of immense assistance. In 
public speaking a radio transmitting device enables a person 
without raising his voice to be heard by thousands. Presi- 
dent Harding’s speeches on his Alaskan trip were carried to 
his audiences in this way. 

Radio apparatus is being perfected all the while, and we 
are still far from the limit of what may be accomplished. 
What you boys and girls will live to see, no one can even 
guess. 


CHAPTER XXV 
THE SPINNING TOP 


OF course you have all played with spinning tops. But, 
when you were doing it, you did not know that the top obeys 
an important natural law. You did not know that the 
earth itself, as well as every other planet of our solar system, 
is a huge spinning top. So long as it keeps spinning, you 
know how secure a top seems to be. Touch it and it pushes 
back against your hand. It almost seems to be alive. 
Maybe you have wondered why your hoop rolls along so 
merrily and falls only when it stops to rest. And your 
bicycle, too. It seemed a wonderful thing when we first 
learned to ride. On a motorcycle, our seat seems as firm 
and safe as though we were on the Rock of Gibraltar. A 
rifle bullet ‘spins as it flies. It is this that carries it straight 
to the mark. All these things are cousins of the spinning top. 
They obey the same law. Some of you have seen the spin- 
ning top vender, that merry soul who sits at a crowded 
corner of a country fair or city street and does marvelous 
stunts with his spinning gyros. If you do not know what 
a gyroscope is, you will find a picture of one in this chapter. 
It is only a top, and yet it has wonderful uses. Today, I 
want to tell you about this little giant. 

A gyro from a bicycle wheel. Several years ago, in the big 
amphitheater, at Chautauqua, New York, I chanced to see 
an inventor demonstrate with a gyroscope made from a 
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bicycle wheel. With it he did wonderful things. When in 
motion, with one end of the shaft resting on a support, it 
seemed to defy the law of gravity. It would not fall, but 
kept moving round and round in a horizontal circle. Put- 
ting another gyro inside an innocent looking case and speed- 
ing it up, he motioned to two husky guards in uniform to 
carry it off the stage. To the amusement of the large audi- 
ence, they tugged with might and main, but this little giant 
continually slipped from their grasp and finally won the 
contest. 

These gyro stunts fascinated me, and when my principal 
in Colorado that fall asked me to give a chapel talk on some 
scientific subject, I immediately thought of this top. In a 
vacant Ict I picked up an old bicycle wheel and carried it 
to a machine shop in the city. I told the master mechanic 
how to make a gyro and what it would do. He was very 
doubtful about the performance of the thing, but, since I 
was willing to pay him for his time, he went to work. We 
extended the cone shaft (Fig. 97) about two and a half feet 
and bored a socket on the under side of it. On the opposite 
side of the hub, we soldered a clutch like that of an auto- 
mobile crank. Then we fixed an upright rod with a small 
knob on the end to fit the socket in the shaft. Around the 
rim of the wheel we wound many turns of copper wire, and 
trued it up with bits of solder so that the wheel was in per- 
fect balance. 

About ten o’clock one evening we concluded that the gyro- 
scope was ready for a test. The master mechanic wished to 
see it go. He had not the slightest faith in what I had told 
him about it. Starting an electric motor and speeding up 
the wheel by holding it against a moving belt, we mounted 
the gyro shaft on the upright support, and sure enough 
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Fic. 97. THE GYROSCOPE 


This looks like magic, but it is no more mysterious than the spin- 
ning top. This rotating bicycle wheel, mounted as you see, will re- 
volve about the vertical support as long as the wheel keeps a certain 
speed. Some think it defies the law of gravity, but in reality its opera- 
tion depends upon the law of gravity. 
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round and round it went without a sign of falling. I was 
delighted and my companion amazed. Never have I seen 
a man so dumbfounded. He said, “You win,” and I carried 
away my new toy in triumph. 

The next morning I gave my demonstration in chapel. I 
made the gyroscope do all the tricks I knew. For one thing, 
I made it spin on the end of the shaft like a regular top. 
Then I told of its uses, the same as I am going to tell you. 
When I came East, I brought the gyroscope with me and 
have it now in my laboratory. Every year I demonstrate 
with it in my classes. You will see a picture of it in one 
of the cuts. To speed it up, I hold the clutch against a 
“chuck” attached to the shaft of my electric motor. 

The why of the gyroscope. But why does not the gyro- 
scope fall? It will be hard to explain to you boys and girls 
just why this is, for you have not studied physics. This 
question, too, has puzzled a good many wiser heads than 
yours. But there is no mystery about it. When a body 
is once set spinning, it tends to keep right on spinning with 
its axis, that is, its shaft, always pointing in the same direc- 
tion. It possesses what we call inertia and momentum. It 
is inertia that makes you try to keep on going when you are 
standing in a car and the train suddenly stops. It is 
momentum that makes a slowly moving ferryboat strike the 
pier with such great force. These are what make you count 
all the stars in the firmament, when you run into a lamp 
post on some dark night. 

The inertia of a spinning body is very great. When I 
have set my gyroscope whirling and attempt to turn it in 
any direction, it resists me with a tremendous force. I can 
move it back and forth easily enough, or I can turn it when 
at rest. But, when it is in motion, I struggle as with a giant. 
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You know that the earth rotates on its axis and that the 
axis always points to the pole star. This is because the 
earth is a huge gyroscope. How it got to spinning we do 
not know, but once started its axis always points in the same 
direction. 

Still, I hear you say, “But, this does not tell me why the 
gyroscope does not fall.” I know it does not, but it is the 
first thing to understand about this little machine. The next 
principle is this: When a body is under the influence of two 
motions at the same time it can never act as though it were 
under the influence of only one. Let us have an example of 
that. If a boat is headed straight across a stream having 
a strong current, you know that the boat will land on the 
opposite shore somewhere below the starting point. It is 
carried across stream and downstream at the same time. 
Only in still water will it go straight across the stream, 
unless you head the boat diagonally upstream just enough 
to overcome the current. Now, it is just the same with our 
gyrescope. When we mount it on the upright support, 
gravity tries to pull it down while the speed which we have 
given it with the motor keeps it revolving about the shaft. 
The result of these two motions is to make it revolve about 
the upright support in a horizontal, level, circle. It does 
not defy the law of gravity. It simply obeys the law of 
gravity. I think you can understand something of this, and 
I hope you see that the gyroscope performs no miracle. 

Guiding the mariner. Not long ago I stood on the bridge 
of the Majestic. In front of the steering wheel were two 
compasses. One was the magnetic compass, which has 
guided the mariner across the seas for centuries. The other 
was the gyro-compass, invented only a few years ago by 
Mr. Elmer A. Sperry, of Brooklyn, New York. This gyro- 
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compass is simply one of the uses of our familiar friend, the 
spinning top. 

Maybe you do not know that the magnetic needle does not 
point to the true north, that is, the north pole. The earth is 
a huge magnet with a north pole and a south pole, just like 
the magnets with which you have played. But the magnetic 
north pole is not the same as the geographic north pole. 
In most places on the sea as well as on the land, the mag- 
netic needle varies from the true north. So the mariner 
has to make a correction every time he takes a reading. 
Besides, the magnetic needle is affected by the steel parts 
of the ship. In the days of wooden vessels, there was no 
steel to bother, but now it is very troublesome. 

Mr. Sperry saw all this and decided to put the spinning 
top to work. He knew what you do, that a top spins with 
its axis always pointing in the same direction. He asked 
himself, ““Why can I not mount a spinning gyroscope with its 
axis parallel with the axis of the earth and always pointing 
to the true north and not the magnetic north?” If this 
could be done, the steel in the ship would no longer be a ~ 
bother and the mariner would not have to make corrections 
for the compass readings. It sounds like a simple thing to 
do, but Mr. Sperry found it a difficult problem. In a fixed 
position on land or upon a ship at rest, the working of such 
a compass is not difficult. But on a wave-tossed ship sailing 
a zigzag course on -the high seas, it is a different matter. 
Still Mr. Sperry believed it possible to surmount all of these 
obstacles and invent such a compass. This he did. I have 
stood in his plant in Brooklyn and watched this marvel of 
invention as it is made to undergo motions more severe than 
any experienced in actual service. But, whatever the 
motion, the compass always points to the true north, Now, 


THE SPINNING TOP 361 


most of the battleships in the navies of the world and many 
of the passenger and freight liners are equipped with it. 

So we see that the spinning top is more than a mere toy. 

Robbing the waves of their fury. Mr. Sperry has done 
more than invent a gyro-compass. He has robbed the 
waves of their fury. Again, by putting the spinning top to 
work, he has invented a gyro-stabilizer which prevents a 
ship from rolling and pitching in a heavy sea. It is simply a 
huge gyroscope placed in the hold of the ship and so 
mounted as to overcome every movement of the waves. It 
is as though a mighty giant strong enough to wrestle with 
the sea held the ship in his sure grasp. A ship may be toss- 
ing violently and groaning and creaking with the force of 
the waves. Then let the gyro-stabilizer be turned on and 
all becomes calm. The decks are level. The quivering 
ceases. No water washes the deck. There is only a gentle 
rising and falling as the big waves pass under the ship. 

Mr. Sperry has also invented an automatic airplane 
stabilizer, which gives added safety to the navigator of the 
airy sea. In a contest in France, in 1913, his son Lawrence 
Sperry, who in the autumn of 1923 lost his life in crossing 
the English Channel in his flivver airplane, won the fifty 
thousand-franc prize for the best airplane stabilizer. Its 
action brings into play electric motors which tip the airplane 
wings just the right amount to overcome every unexpected 
movement. In visiting Mr. Sperry’s factory, I saw the air- 
plane and the gyro device with which this prize was won. 
It was used on airplanes in the World War, and it has made 
safer for “the pilots of the purple twilight” the highways of 
the azure blue. 

Over the hills and valleys on a single rail. A few years: 
ago I saw a steel car about three feet long, nine inches wide, 
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and weighing one hundred and fifty pounds, mounted on two 
grooved wheels set in line, one after the other, and balancing 
itself with perfect ease on a slender swaying cable stretched 
from one corner of a room to the other. It was an amazing 
spectacle. There seemed to be nothing to keep it from 
falling, and yet the car was as stable as arock. The opera- 
tor pushed it with his hand and it pushed back with an 
equal and opposite force. He dropped a weight upon one 
side and the car rose slightly. He took hold of the cable 
and swayed the car to and fro, but it held its position. 

Had you been in England at the country estate of Louis 
Brennan, on May 8, 1907, you might have seen a still more 
wonderful demonstration by the inventor himself of this 
“law defying” little car. He made it round sharp curves, 
climb steep grades, and follow the crookedest gas pipe with 
perfect ease. In following a curve the car leaned in, just 
as a bicycle rider does, and righted itself when the curve was 
passed. Almost human, it seemed, in its motions. And it 
was as stable when at rest as when in motion. 

I do not need to tell you that these were models of the 
famous monorail car, a car that runs on a single rail. If 
you did not know before, you have now guessed that the 
secret of this wonderful balancing power is the magic of the — 
spinning top. In making this invention Brennan found one 
great difficulty. In his first cars, he used but one gyro, and 
every time it rounded a curve the car was derailed on the 
inside of the curve. He was putting his car under the influ- 
ence of another motion and the result was a wreck. Brennan 
knew that railroads could not be built without curves. For 
weeks he puzzled over the problem. Then one day, as he 
was spinning a toy gyroscope, the solution flashed into his 
mind. He would mount two spinning gyros in the little 
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compartment at the front of his car. But he would have 
one spin in one direction and the other spin in the opposite 
direction. He did it, and the problem of the curve was 
solved. As one gyro tried to tip the car over on one side of 
the curve, the other gyro tried just as hard to tip it in the 
opposite direction. The result was perfect balance. 

The gyro-car has not yet revolutionized railway travel and 
possibly it never will. It seems perfectly practicable. The 
spinning gyros, which never sleep, keep the car upright 
whether in motion or at rest. And it seems possible to obtain 
much higher speeds than with the present system. Still 
people cling to the old way. Maybe it is for the same reason 
that they have opposed many other inventions. You may 
live to cross the continent on a gyro-train as palatial as an 
ocean liner and at speeds which will make our present 
records seem tortoise-like. 

Well, now that we have reached the end, I am sorry to say 
good-bye. But I shall think of you as you read these 
stories in the months to come, and possibly I shall write 
still other books for you to read. 


SILENT READING EXERCISES 


CHAPTER I—IN THE BEGINNING 


1. Tell about the Indian flints that you have seen. How de 
you think they were made? For what were they used? 2. What 
did the Indians mean by a “sun” or a “moon”? 3. In what ways 
was the American Indian more advanced than much earlier peo- 
ple? 4. What were some of the first inventions of primitive 
men? 5. If you were alone in the forest what would you do to 
keep from starving and freezing? 6. Why did early man use 
stone implements before metal ones? 7. Tell how Boy Scouts 
make fire. 8. Why was the mastery of fire so important? 


CuHaPterR II—AFTER THE CAVE MEN 


1. Why did the world of early times seem much “larger” than 
it does today? 2. What can you do with a lever that you cannot 
do without it? Fix up a lever and see if you can answer these 
questions by actual experiment. 3. Who was Archimedes? 4. 
Tell the story of Archimedes and the king’s crown. 5. Get a 
piece of aluminum and a piece of lead or brass of nearly the 
same weight. Place the aluminum in a jar of water and notice 
how far the water rises. Take out the aluminum and put in the 
lead. Can you tell what makes the water rise to different heights? 
6. Why do some bodies float and others sink? 7. Describe the 
experiment performed by Galileo at the “leaning tower of Pisa.” 
8. Do feathers drop in air as quickly as lead? 09. What was 
Galileo’s greatest invention? 1o. What are the planets? What 
does the name planet mean? 11. What did the ancients believe 
about the earth and the sun? How did Galileo’s discoveries upset 
this notion? 12. Tell how to locate the pole star. 


CuapTeR III—WHEN ELECTRICITY WAS NEW 


1. What will a natural magnet do? 2. Who was the first man 
to experiment with magnets and electricity? 3. Obtain a bar 
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magnet. Place it on a table and lay a small pane of glass over 
it, supporting the ends of the glass with small blocks of wood. 
Put some iron filings in an empty box. Sift these evenly on 
the glass about the magnet. Tap the glass lightly with the 
point of a pencil. What do the iron filings do? What name is 
given to the force which seems to surround the magnet? Do you 
not see that these “lines of force” pass right through the glass? 
4. Who made the first electric machine? 5. Who was Stephen 
Gray? What did he discover? 6. Name several conductors and 
several nonconductors. 7. How was electric fire produced? 8. 
Describe the experiment which led to the discovery of the Leyden 
jar. 9g. Tell the story of Franklin and the kite. What did this 
famous experiment prove? 10. Describe the accidental dis- 
coveries of Galvani. To what knowledge did they lead? 11. Who 
was the next discoverer in electricity? What did he do? 12. 
What did Hans Christian Oersted discover about an electric cur- 
rent? 13. Who made the first electromagnet? 14. Name as 
- many uses of the electromagnet as you can. 15. What discovery 
did Michael Faraday make? To what inventions did it lead? 


CHAPTER IV—IN THE DAYS OF THE ALCHEMIST AND 
AFTER 


1. What does a chemist do? What do we study in chemistry? 
2. What are elements? Name six. 3. Of what use to chemistry 
was the fruitless search of the alchemist? 4. What two men dis- 
covered oxygen? 5. What important process did Lavoisier ex- 
plain? 6. What discovery did Sir Henry Cavendish make? -7. 
How did Sir Humphry Davy begin his career as a great scientist? 
Tell about his discoveries. 8. Why is hydrogen used in balloons 
and airships? 


CHAPTER V—PUTTING THE GIANT STEAM TO WORK 


1. For what were the first steam engines used? Who invented 
them? 2. Why was the Newcomen engine so wasteful of steam? 
3. What was Watt’s first improvement on the steam engine? 
How did he change it into a full steam engine? 4. Give reasons 
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for the statement that the steam engine ‘“‘caused an industrial 
revolution that changed the world.” 5. Tell of the early life of 
Fulton and his first inventions. 6. When and where was Fulton’s 
steamboat given its first trial? 7. Name some of the ways in 
which the steamboat has helped our country to grow into a great 
and prosperous nation. 8. Tell about the first steam locomotives, 
—who invented them? Why were they so imperfect? 9. What 
made George Stephenson interested in the building of a locomo- 
tive? What improvement did he make? 10. Why did people 
oppose the introduction of steam railroads? 11. How has the 
harnessing of steam been of benefit to the world? 


CHaptER VI—IN THE DAYS OF SPINNING WHEELS 


1. Give a picture of the simple life of country people of a 
century and more ago. Why did they not buy many articles 
of every day use instead of making them at home? 2. If you 
can, find a spinning wheel and see how it works. How was this 
invention an improvement over the distaff and spindle? Why 
are these methods of spinning not employed now? 3. What 
was the next spinning device and how did it come to be in- 
vented? 4. What kind of threads was it unable to spin? 5. 
What improvement in the art of spinning did Sir Richard 
Arkwright make? 6. Why was the thread for weaving delicate 
muslins at that time imported from India? What invention 
overcame this difficulty? 7. How was the thread, obtained in 
these ways, made into cloth? 8. What was the first improvement 
in weaving? 9. How did Cartwright come to invent the power 
loom? 10. Why did working men in the spinning and weaving 
industries so bitterly oppose all of these improvements? 11. Do 
working men now oppose labor-saving inventions? 12. How did 
the cotton gin bring wealth to the South? 


CuapTER VII—A FRIEND OF FREEDOM 


1. How rapidly can the modern printing press print newspapers? 
2. Why does the use of print paper in such enormous quantities 
threaten to destroy large areas of our forests? 3. Why were 
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early books few and expensive? 4. What were block books? 5. 
Why did John Gutenberg wish to invent a quicker and cheaper 
way to print books? 6. What great improvement did Gutenberg 
make in the art of printing? 7. What two inventions enabled 
Gutenberg to make type of durable quality in large quan- 
tities, quickly? 8. Name the modern kinds of printing presses. 
9. How is type set? 10. With regard to the making of a book, 
tell what is meant by a) the galley proof, b) the page proof, c) 
the corrections, d) the electrotyping of the plates. 


CuaPTeR VIII—EXPLORING THE HEAVENS 


1. With what instruments do men explore the heavens? What 
is the purpose of such exploration? 2. How long would it take 
an airplane going at the rate of 120 miles an hour to fly to the 
sun? Solve the problem. 3. With the aid of Fig. 35 name 
the parts of a reflecting telescope. 4. What planet did Sir 
William Herschel and his sister Caroline discover? How did they 
know that it was a planet? 5. What makes a large telescope lens 
almost priceless in value? 6. In a refracting telescope what takes 
the place of the mirrors used in a reflecting telescope? To which 
type did Galileo’s telescope belong? 7. Where is the world’s 
largest refracting telescope? 8. Where is the world’s largest 
reflecting telescope? 9. Why is the location of the Mount Wil- 
son telescope so favorable? 10. What simple experiment led to 
the invention of the spectroscope? Who made the invention? 
11. What does the spectroscope tell us about the heavens? 


CHAPTER IX—DOTS AND DASHES 


1. Name three ways in which primitive men sent messages 
back and forth. 2. Who was the inventor of the modern tele- 
graph? 3. Between what cities did the first telegraph line in 
America extend? 4. When and how did Morse come to think 
of inventing a telegraph? 5. What serious difficulty did Morse 
meet in making an electromagnet to operate his recording instru- 
ment? 6. How did the inventions of Professor Henry help 
Morse to overcome this difficulty? 7. What mistake in laying 
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the wire nearly brought disaster to the first telegraph line? 8. 
How did the organization of the Western Union Telegraph 
Company help Morse? 9. What telegraph invention did Edison 
make? 10. In what ways has the telegraph benefited us? 


CHAPTER X—THE MISTRESS OF THE STITCHES 


1. Describe the contest in Quincy Hall, Boston, between the 
sewing machine and the seamstresses. 2. What objections did 
a number of tailors make to this new method of sewing? 3. What 
conversation gave Howe the idea of a sewing machine? 4. Tell 
about the difficulties under which Howe did his work. 5. What 
other men helped to improve the sewing machine? 6. How do 
you think the sewing machine has affected the quantity of 
clothes that can be made? The price of clothes? Give reasons. 


CHAPTER XI—THE HERCULES OF THE HARVEST FIELD 


1. Describe the harvest scene in which Cyrus McCormick 
demonstrated the first practical reaper. When did this occur? 
2. How was grain cut before the coming of the reaper? Compare 
the rate of harvesting grain then with that of a combined reaper 
and thresher today. 3. Why was the reaper necessary to the 
growth of great populous cities? 4. Why were not farmers eager 
to adopt the reaper? 5. What led McCormick to establish his 
factory in Chicago? 6. What was the first big improvement 
made in McCormick’s invention? 7. What improvement did the 
Marsh brothers, of DeKalb, Illinois, make? 8. What improve- 
ments changed the reaper into a self-binding machine? 9g. In 
what ways has the reaper helped to develop the agriculture of 
the West and build its cities? 10. Suppose all the grain in the 
country had to be reaped and threshed by hand. How do you 
think that would affect the price of bread? 


CHAPTER XII—SUNLIGHT—THE MASTER ARTIST 


1. Make a diagram showing how a ray of light from the top 
and another from the bottom of the flag pole, in passing through 
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the small hole in the curtain, made an inverted image upon 
the cardboard. 2. What two men made the first photographic 
prints? What chemical compound did they use? What sort of 
print did they obtain? What happened when this print was 
exposed to sunlight? 3. Tell the story of Daguerre’s wonderful 
discovery. 4. What are “daguerreotypes’”? Bring one to class. 
Notice how you must get the light on them just right in order 
to see the picture. 5. Why could people not afford to give 
pictures to their friends then as they do now? 6. In order to 
make a picture visible on a film or plate, what must be done? 
Why is the first picture called a negative? See Fig. 51. 7. Why 
would it be unsafe to take this picture into the light before it 
had been “fixed”? 8. How is the positive obtained from the 
negative? Why is this second print called a positive? See Fig. 
51. 9. Why is it necessary to use a red light in a dark room? 
10. How long did it take the artificial lightning in Fig. 73 to 
produce the necessary chemical changes in the photographic 
plate? «1. What is a telephoto camera? 12. How was the 
camera of use in the World War? 


CHAPTER XIJII—TAPPING THE RUBBER TREE 


1. Make a list of a dozen articles that are made from rubber. 
2. From what is rubber obtained? How did it get its name? 
3. Why is there little need to worry about a failure of the 
world’s rubber supply? 4. Write a short composition describing 
the day’s work of a native in a rubber jungle. 5. What serious 
difficulty had to be overcome before rubber could be made dur- 
able? 6. What man devoted a large part of his life to a solution 
of this difficulty? 7. Describe the incident which caused this 
inventor to become interested in rubber. 8. What lucky accident 
led him to the long-sought secret? 9. What name did he give 
to his new process? How is rubber changed by this process? 


CHAPTER XIV—THE AGE OF STEEL 


1. Name some ways in which steel is important in modern 
industries, 2. With the aid of the diagram in Fig. 55 describe 
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the construction of a blast furnace. 3. Of what does the charge 
consist which enters the top of the furnace? 4. From what 
must the iron in the ore be freed as it passes through the furnace? 
5. What is slag? Describe the way in which it is drawn off. 
6. Where is the molten pig iron from the blast furnace taken? 
7. Describe the process of changing molten pig iron into steel. 
8. In this process what has happened to the impurities? 9. After 
these have been removed, what is added to make the iron into 
steel? ro. Name some of the other products into which steel 
is converted. 311. Why were copper and tin and their alloy, 
known as bronze, used before iron? 12. Where and when was 
the first molten pig iron in history produced? 13. What is 
wrought iron? What is the name of the furnace in which it is 
made? What do workmen do with the iron? 14. What started 
Bessemer to thinking about the invention of a new process for 
making steel? What were his first steps toward the work of 
invention? 15. Describe the first production of steel with Besse- 
mer’s newly invented egg-shaped converter. 16. Why were the 
later attempts to make steel by this process a failure? 17. How 
did Bessemer overcome the difficulty? 


CHAPTER XV—THE MAGIC OF A BREATH OF AIR 


1. Tell what you knew about George Westinghouse before you 
read this chapter. 2. Describe the accident which put into 
Westinghouse’s mind the idea of a better braking system for 
trains. 3. What led him to think of using compressed air? 4. 
What railroad finally gave permission for a demonstration? 5. 
With the aid of Fig. 60 tell how Westinghouse’s air brake worked. 
6. Tell the story of this first use of the air brake. 7. What 
important advances in railroading has the air brake made possible? 
8. What is meant by the “block system” of railroad signaling? 
How does this system increase the safety of railroad traffic? 9. 
How are the levers which set the signals now operated? 10. How 
else did this inventor make use of compressed air? 11. Namea 
half dozen other uses of compressed air. 
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CHAPTER XVI—WHEN TYPEWRITING CAME INTO 
STYLE 


1. Who invented the typewriter? 2. Describe the crude device 
with which Sholes made his first experiment. 3. What incident 
gave Sholes just the inspiration he needed to set him to work on 
the invention of a typewriter? 4. What difficulties did Charlie 
Weller experience in his use of the first typewriter? How did 
Sholes seek to overcome these difficulties? 5. What incident 
brought a new partner into the enterprise? Who was he and 
what was his opinion of Sholes’ machine? 6. Why were Sholes 
and Densmore unable to perfect the typewriter themselves? 
7. To what plant did Densmore carry the latest model of Sholes’ 
typewriter? What was his purpose? 8. What man in the Rem- 
ington Company did most to perfect the modern typewriter? 


CHAPTER XVII—MAKING IRON TALK 


1. Describe the scene in the Boston attic on June 2, 1875. 
2. What were Bell and Watson trying to do? 3. Describe the 
lucky accident which led to Bell’s discovery of the principle of 
the telephone. 4. What were Bell and his father interested in 
doing for deaf mutes? 5. When and where was the first tele- 
phone message spoken and heard? What was the message? 
6. How could you make a telephone system like the first one used 
by Bell and Watson? 7. Describe the telephone scene at the 
Centennial Exposition in 1876. 8. How did people regard the 
first telephones? 9. What two men invented the modern tele- 
phone switchboard? to. Describe the event of January 25, 1915, 
_when Bell and Watson conversed with each other across the 
continent. 11. How are telephone operators being replaced to 
some extent in modern exchanges? 12. What telephone inven- 
tions had made it possible for audiences in Madison Square 
Garden, New York, and in San Francisco, to listen to the ad- 
dresses over the body of the Unknown Soldier at Arlington, Vir- 
ginia, on Armistice Day, 1921? 13. In what ways would you 
miss the telephone, if this invention were to be taken away? 14. 
In what ways would business men miss the telephone? 
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CuapteR XVIII—FROM FARADAY TO EDISON AND 
STEINMETZ 


1. Name three important discoveries in electricity and magnetism 
which came before the work of Faraday. (See Chapter II). 
2. Name four men, each of whom had something to do with the 
invention of the dynamo. 3. Name the parts of a dynamo. 
(See Fig. 70.) 4. What celebrated inventor had much to do 
with the inventions which brought the present Age of Electricity? 
5. What sort of electric motor did Westinghouse and his engi- 
neers invent? Who had previously worked on this invention? 
6. What invention solved the problem of changing alternating 
current into direct current? 7. What two triumphs did Westing- 
house win for the use of the alternating current? 8. What prob- 
lem did Edison solve at the same time that Westinghouse was 
experimenting with the alternating current? 9. With what ma- 
terial for filament did he at first experiment? 10. Describe the 
search for the ideal material for the filament. 11. What inven- 
tions did Edison make before the use of the electric lamp became 
a commercial success? 12. What has since proved to be a better 
material for the filament of the electric lamp than carbon? 
13. Where is the world’s largest direct-current power plant lo- 
cated? What would the electric power from one of the dynamos 
in this plant be able to do? 14. What would be the equivalent 
in coal of the water power wasted in the United States and Can- 
ada each year? 15. Name four places in the United States where 
water power is being used for the generation of large quantities of 
electric power. 16. What are the mightiest locomotives in the 
world? 17. Tell about the demonstration with artificial lightning 
that was made by Steinmetz in his laboratory. What was his 
purpose? 18, Write a short composition on the importance of 
electricity in your own life. 


CHAPTER XIX—MARVELS OF MODERN SCIENCE 


1. Describe Perkin’s discovery of the first coal-tar dye. 2. What 
difficulties did Perkin have to overcome before he succeeded in 
producing this dye on a commercial scale? What name did he 
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give to it? 3. What other dye did Perkin, and German chemists 
at the same time, succeed in making from coal tar? 4. What is a 
by-product? Name the by-products obtained in the manufacture 
of coke. 5. In this country, what happened to the greater part 
of these by-products before the World War? 6. What other 
substances besides dyes are obtained from coal tar? 7. Who 
first made nitroglycerin? What Swedish chemist first began its 
manufacture on a large scale? 8. What accident led Nobel to 
the invention of dynamite? 9. For what purposes did Nobel 
leave his fortune? 10. In what way has the world’s highest 
temperature been produced? 11. Who produced the first electric 
arc? What was his source of electric current? 12. How did 
Henri Moissan make microscopic diamonds? 13. Name uses of 
carborundum. 14. What two gases when burned together pro- 
duce a flame hot enough to cut and weld steel? 15. Tell one 
way in which X-rays differ from the rays of sunlight. 16. Tell 
something about the exceeding smallness of electrons. 17. Who 
discovered radium? How did the quantity of radium extracted 
compare with the original ore? 18. For what is the glowing gas 
obtained from radium used? 


CHAPTER XX—TWO ROYAL ENTERTAINERS 


1. Who invented the phonograph? Tell about the first repro- 
duction of the human voice made by it. 2. Tell what you can 
of the construction of the first phonograph and how it worked. 
3. Tell as much as you can about the way in which a modern 
phonograph record is made. 4. How rapidly does a moving- 
picture camera take pictures? 5. How do the pictures close to- 
gether on a moving-picture film differ from each other? How 
do those far apart differ? 6. How rapidly does a moving-picture 
projector throw the pictures upon the screen? What impression 
does this give to one looking at the pictures on the screen? 
7. Describe the moving-picture shown before Governor Leland 
Stanford, of California, in 1878. 8. What three inventions were 
necessary at that time to make moving-pictures a success? 9. 
What men worked upon the problems connected with these inven- 
tions? 10. Tell what each accomplished. 
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CHAPTER XXI—POWER AND SPEED FOR EVERYBODY 


1. How has the invention of the gasoline motor been the means 
of changing the scenes on our streets and highways from what 
they were twenty years ago? 2. What early experimenters at- 
tempted to invent a gas engine? 3. When and by whom was the 
four-cycle engine invented? 4. Name a half dozen uses of the 
gasoline engine. 5. Suppose there were no gasoline engines, 
what would you miss that you now enjoy? 6. Who were the 
inventors of the automobile both in this country and abroad? 
7. Tell about the trial demonstration by Haynes on July 4, 1894. 
8. How has the automobile helped or hindered the farmer? 
9. How does helping the farmer help the man in the city? 


CHAPTER XXII—BENEATH THE SEA 

1. Describe the undersea boat which Simon Lake, as a lad, 
wished to build. What was to be the purpose of this boat? 
2. What submarine exploit occurred during the Civil War? 
3. What three timely inventions made the submarine possible? 
4. How were these inventions used in the submarine? 5. How 
is a submarine raised or lowered when under water? 6. Why do 
not submarines descend to greater depths than about three hun- 
dred feet? 7. Why does a submarine always travel as a surface 
boat except in times of danger? 8. What motive power is used 
when the craft is submerged? Why? 9g. What does the peri- 
scope enable the crew of a submarine to do? 


CuapTtER XXIJI—FLIVVERS AND LIMOUSINES OF THE 
AIR 


1. What great Italian made the first progress toward solving the 
problem of flight? 2. What invention came before airships and 
airplanes? 3. Why is a free balloon at the mercy of the wind? 
4. Why does a balloon rise? What causes a balloon to stop rising? 
How can it then be made to rise higher? 5. How can a balloon 
be made to come down? 6. Why is helium used whenever pos- 
sible instead of hydrogen to inflate an airship? 7. When your 
kite is rising do you feel a pull on the kite-string? Why? 
8. Tell what Samuel P. Langley did. What had he studied as a 
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lad? 9. What fact about the movements of soaring birds did 
Otto Lilienthal discover? 10. How did he make use of this dis- 
covery? 11. Tell about the experiments of the Wright brothers 
at Kitty Hawk, North Carolina. 12. What important discovery 
did the Wrights make? 13. Describe that first successful flight 
of the Wright heavier-than-air machine. 14. Describe the great 
triumph of flying achieved by Orville Wright in the autumn of 
1908. 15. What victory was Wilbur Wright winning at the same 
time? Where and when did he make his next celebrated flight? 
16. What other men helped in gaining a mastery of the air? 


CHAPTER XXIV—THROUGH THE ETHER 


1. What important discovery did Heinrich Hertz make in 1886? 
2. How did Hertz explain what had happened? 3. Like what 
other waves did Hertz prove these wireless waves to be? 4. What 
Italian lad shortly after began to experiment with ether waves? 
5. What two inventions helped Marconi in the making of his 
receiving set? 6. Describe his triumphs in England. 7. Of 
what greater accomplishment did Marconi dream? 8. Tell how 
he brought this dream to pass. 9. How did wireless telegraphy 
soon prove its value to ships at sea? to. Describe the great 
wireless triumph of September 29, 1915. 11. What other tri- 
umphs followed in the next half dozen years? 12. Study the 
receiving set shown in Fig. 96 and the description given under- 
neath it and then tell all you can about a modern receiving set. 
13. Name several important uses of the radio. 


CHAPTER XXV—THE SPINNING TOP 


1. Name a number of the “cousins” of the spinning top. 
2. Where will a boat land when it is rowed straight across a 
stream having a strong current? Why? 3. What two motions 
control the course of the boat? 4. What American inventor has 
used the principle of the gyroscope in an invention to guide the 
mariner on the sea? 5. Why is the magnetic compass being 
displaced by the gyro-compass on a steel ship? 6 How did this 
inventor use the principle of the spinning top to rob the waves 
of their fury? 
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